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TITLE OF THE INVENTION 

OPTICAL DATA RECORDING MEDIUM. STAMPER. AND METHOD OF MANUFACTURE OF 

STAMPER 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based upon and claims priority of Japanese Patent Applications 
Nos. 2000-257003 filed August 28. 2000: 2000-261337 filed August 30, 2000; 2000-399873 
filed December 28. 2000; and 2000-399872 filed December 28, 2000, the contents being 
incorporated herein by reference, 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to optical disks, CD, CD-R, CD-RW, DVD. DVD-R, DVD- 
RW and like optical data recording media, stampers for their manufacture, and a method of 
manufacture of the stampers, 

2. Description of the Related Art 

[0003] Optical disks, magneto-optIc disks and the like optical data recording media have 
come to be widely used as data recording media and audio data recording media. Recently, 
CD-R, CD-RW, DVD-R, DVD-RW and the like have also come to be used in addition to optical 
disks and magneto-optic disks. Data is recorded in these optical data recording devices by 
forming minute pits or tie like marks in the surface of a disk-shaped recording medium, or by 
changing properties due to the magnetism of a film disposed on the surface of a disk-shaped 
recording medium. 

[0004] The optical data recording media include meandering grooves and lands that are 
disposed alternately. Data is usually written on the grooves. Moreover, an optical detector is 
used for position detection. In order to perform position control, specifically, tracking, the optical 
detector is caused to travel along a zone where data has been written In the grooves and lands. 
Specifically, because the intensity of reflected light differs according to whether a position 
in-adiated by the light is the position of a gnaove or a land, a position control device receiving a 
reflected light signal controls the position of the optical detector such that light is irradiated 
precisely in a position where data is written. 
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[0005] Moreover, among the optical data recording devices, in CD-R. CD-RW and the like, 
standards refenred to as the "Orange Book" are set. according to which there are disposed in 
sequence, fronn an inner circumference to an outer circumference of a disk-shaped optical data 
recording medium (referred to hereinafter as "disk"), a power calibration area (PGA) region, a 
program memory area (PMA) region, a lead-in region, a program region, and a lead-out region. 

[0006] The PCA is a region for a recording drive to perform a trial recording, and the PMA is a 
region to record the memory use state of the optical recording medium. Moreover, the lead-in 
region is an area in which control data provided by the recording device or recording playback 
device is recorded while recording data on the optical recording medium or while reading out 
data from the optical recording medium. The program region Is a region that can be used by the 
user, and is used for the user to write or read data. The lead-out region, disposed outside the 
program region, is used to return tracking to the origin when the tracking of the optical detector 
deviates and slips off the program region, 

[0007] It is desirable to be able to reoDrd a lot of data on the same optical recording medium. 
By making the track pitch of the optical recording medium as nan^ow as possible, and making 
the linear speed (m/s) used for recording or playback of data as slow as possible, the recording 
density of data is increased. Moreover, it is desirable for the program region to be as wide as 
possible to be able to record a lot of data on the same optical recording medium. 

[0008] Japanese Laid-Open Patent Publication JP-A-H 10-222874 (hereinafter "JP-A-H10- 
222874") discloses a technique for making the recording density greater by reducing the track 
pitch or linear speed in the program region. Generally, the resolving power of the optical 
detector is set according to the wavelength (A) of the light used and the numerical aperture (NA) 
of the optical system. Therefore, by using a shorter wavelength and higher NA {k = 635-685 
nm, NA = 0,6) than the normally used wavelength and numerical aperture {X - 780 nm, NA = 
0.45), the resolving power is increased thereby increasing the recording density and, as a result, 
the recording capacity increases, 

[0009] However, a disk in which recording is peri'ormed with a recording device using such a 
short wavelength and high NA to produce reduced spot size results in problems in that the disk 
cannot be read with a playback device using a typical optical detector having the normally used 
A = 780 nm, NA = 0.45. In particular, there is no interchangeability with other recording devices 
used in the prior art, and a dedicated playback device has to be used. 
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[0010] Furthermore, because the data of the lead-in region is also not read out, it becomes 
impossible to recognize the type of disk. By making the track pitch or recording linear density of 
the lead-in region of the disk disclosed in JP-A-H10-222874 the same as in other prior art 
optical data recording media, it is possible to recognize ttie type of disk when using a typical 
prior art playback device. However, even proceeding in this manner does not change the fact 
that data written in the program region is not read out. 

[0011] Furthermore, JP-A-H 10-222874 discloses that the track pitch or recording linear 
density is the same in the PCA region, PMA region, program region, and lead-out region, and 
that the trad< pitch is changed only in tiie lead-in region. Therefore, because the PCA region Is 
a region for a trial recording by the recording drive, and the PIVIA region is a region to record the 
memory utilization state of the optical recording medium, the JP-A-H1 0-222874 device Is based 
on the concept that the recording and playback have to be performed under the same 
conditions as the program region. 

[0012] As mentioned above, the mark made by the recording device on the disk is small if a 
recording device having pickup is used, which comprises an optical system with a high 
numerical aperture (NA) and a light source emitted short wavelength. Therefore, high density 
recording on the disk can be obtained. However, a problem exists with the prior art recording 
and playback device which cannot read the mark on the disk if only a small mark is recorded on 
the disk. 

[001 3] The optical detector in recording and playback devices normally moves substantially 
from a start position of the lead-in region of the optical recording medium and, performing 
focusing, discriminates the track of the opfical recording medium. However, when the 
respective track pitches of the lead-in region, PCA region; and PMA region are narrow, focusing 
of the optical detector Is ineffective, and the optical recording medium is not recognized by the 
optical detector. 

[001 4] Furthermore, the device disclosed in JF-A-H1 0-222874 also suffers from the problems 
described above. For example, when the optical recording medium is installed in a recording 
and playback device, the optical detector is initially not positioned in the lead-in region. When 
the optical detector is positioned in the PCA region or PMA region, the optical reconding medium 
cannot be recognized for the above-described reasons when the track pitch Is narrow or linear 
speed is slow. 
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SUMMARY OF THE INVENTION 

[0015] It is an object of the present invention to provide an optical recording medium having 
interciiangeability, a stamper for manufacture of the optical recording medium, and a method of 
manufacturing of the stamper 

[0016] It is another object of the present Invention to provide an optical recording medium that 
manifests maximum performance while using a prior art recording devire and playback device, 
and to provide an optical recording medium with increased recording capacity which can be 
recognized by the prior art recording devices or playback devices. 

[0017] It is another aspect of the present invention to provide an optical recording medium 
having increased recording capacity and a linear speed that is very much slower than that of the 
conventional optical recording media, and that can be recognized in recording and playback 
devices. 

[001 8] It IS another object of the present Invention to provide necessary solution for an optica! 
data recording medium, in order to be able to stably perform reliable optical writing to an optical 
data recording medium, even if an increase of the recording capacity of the program region Is 
brought about 

[0019] A first embodiment of the present invention comprises a disk-shaped optical recording 
medium that performs recording and playback of data by tracking of a light beam along a 
meandering groove or land, and having in sequence from an inner circumference to an cuter 
circumference a PCA region, a PMA region, a lead-in region, a program region, and a lead-out 
region, wherein a track pitch of the program region is narrower than respective track pitches of 
the PCA region, PMA region, and lead-in region. 

[0020] In accordance with the first embodiment of present invention, the recording capacity of 
the optical recording medium is increased by making tiie respective track pitches of the program 
region more narrow than the respective track pitches of the PCA region, PMA region and lead-in 
region. In order to easily recognize the optical recording medium, the respective track pitches of 
the PCA region, PMA region, and lead-in region are wide. The track pitch in accordance with 
the first embodiment is such that a tracking en-or equal to or greater than a permissible value 
does not arise when using a prior art recording device or playback device. The respective track 
pitches of the PCA region, PMA region and lead-in region are wide because the optical detector 
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is initially in a place where it focuses, and because recognition of tlie optical recording medium 
is difficult when focusing is not easily performed, 

[Q021] Moreover, trial recordings are made in the PCA region and the memory utilization state 
of the optical recording medium is recorded in the PMA region. In accordance with the present 
invention, because the respective track pitches of the PCA and PMA regions are wide, tracl<ing 
is reliable, there is sufficient margin for reading and writing, and calibration can be reliably 
performed. 

[0022] Furthermore, because the lead-in start region and the start region of the program 
region of the optical recording medium of the present invention are set according to the 
standard, it is preferable for the tracl< pitch to agree with ttie standard. Furthennore, even if the 
lead-in region start time is also the manufacturer's recognition code (M-code), and even if It Is 
also the code (T-code) showing the recording method (write strategy), the manufacturer cannot 
in fact alter it. Furthermore, from the lead-in region start time to the program region beginning 
time is also set by the standard. Accordingly, there is a risk that the disk will become off- 
standard when the track pitch of the lead-in region is altered. From this aspect, it is preferable 
not to unnecessarily nannw the track pitch in the lead-in region. 

[0023] According to the present inventors' experience, the respective track pitches of the PCA 
region. PMA region, and lead-in region are preferably 1.3 m or more If a recording or playback 
device having a one beam tracking method is used. In this case, with the iead-in region start 
position at least placed within tolerances of the standard, use becomes possible with most 
recording and playback devices. 

[0024] In the above-described manner, in accordance with the present invention, while using 
a prior art recording device and playback device, their pert'ormance can be manifested to the 
maximum. Moreover, recognition by the recording and playback device becomes possible. In 
addition, the optical recording medium can have an increased recording capacity, 

[0025] Moreover, in accordance with embodiments of the present invention, because the 
respective track pitches of frie PCA region positioned in the inner circumferential portion, the 
PMA region, and the lead-in region are correspondingly wide in comparison with that of the 
program region, the polycariijonate and the like plastic resin at the time of injection molding is 
easily injected into and easily enters the meandering groove pattern of the stamper surface. 
Consequently, transfer is reliably performed because the resin is injected fnsm the inner 
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circumferential portion. Furthermore, in accordiance with the present Invention, the mold release 
is particularly good, As a result of the good mold release, it is difficult for clouding to arise when 
peeling off the internal circumferential portion, the inner circumferential hole can be cleanly 
processed, and a substrate with small eccentricity can be manufactured- 

[0026] In accordance with embodiments of the present invention, it is preferable for 
production of the disl<s for the respective track pitches of the program region and the lead-out 
region to be the same. However, the track pitch of ttie program region and lead-out region do 
not have to be the same. For example, the track pitch of the lead-out region may be wider than 
or more narrow than the track pitch of the program region. In accordance with a further 
preferred embodiment of the present invention for high density recording, the track pitch of the 
lead-out region is more narrow than the track pitch of the program region. 

[0027] Because data recording is not performed in the lead-out region, there is no problem if 
a tracking error arises to some degree. Therefore, in accordance with the present invention, the 
track pitch of the lead-out region is narrower than the track pitch for stably reading and writing. 
As described hereinabove, the recording time of the lead-out region is set at 1 minute and 30 
seconds or more. But, the start region of the lead-cut region is not determined. Therefore, by 
nan-owing the track pitch, the area occupied by the lead-out region on the disk can be made 
small, and the region that has not already been used for the lead-out region can be used as a 
program region. Therefore, the recording capacity can be increased. 

[0028] In accordance with a second embodiment of the present invention^ a disk-shaped 
optical information medium comprising in a direction from an inner circumference to an outer 
circumference, at least a lead-in region, a program region and a lead-out region, wherein the 
track pitch of the lead-out region is narrower than the respecfive track pitches of any other 
regions. 

[0029] In accordance with the second embodiment of the present invention, only the track 
pitch of the lead-out region is narrowed. The track pitch of the lead-out region is nan-owed, and 
the results of narrowing the track pitch of the lead-out region are the same as described above 
with respect to the first embodiment of the invention. 

[0030] In accordance with the first and second embodiments of the present invention, it is 
preferable for the track pitch to change gradually in a transition region in which the track pitch 
changes. By changing the track pitch gradually in a transition region, large external 
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disturbances do not suddenly enter the tracking control system in tlie transition region, and 
tracking is accurately performed. The region in which the track pitch changes, for example, may 
cause a change extending in the lead-in region and the program region, or may cause a change 
at the front of the program region. Furthermore, in accordance with the embodiments of the 
present invention, "gradually" may mean a rate of change of a degree that tracking can follow 
with sufficient stability. 

[0031] The change of track pitch is preferably made to end In the lead-in region by making the. 
track pitch of the program region narrower than the respective track pitches of the PCA region, 
PMA region, and lead-in region, and gradually changing the track pitch In a terminal portion of 
the lead-in region. 

[0032] Because the change of track pitch between the lead-in region and the program region 
ends within the lead-in region, the track pitch does not change in the program region, and 
stabilized writing and reading are possible. 

[0033] fi/Joreover, the linear speed is preferably the same in the PCA region and the pnDgram 
region. Because test recordings are made in the PCA region and, because the PCA region is a 
region which performs calibration while writing in the program region, writing conditions of the 
linear speed are preferably as far as possible the same as in the program region. In 
accordance with the present invention, because the linear speed is the same in the PCA region 
and the program region, the size of marks recorded in both regions can be the same, and 
because these regions can be written and read out under the same conditions, calibration can 
be accurately performed. 

[0034] In accordance with a third embodiment of the present Invention, reconding and 
playback of a disk-shaped optical recording medium are performed with a light beam tracked 
along a meandering groove or land, the disk-shaped optical recording medium comprising, In 
sequence in the direction from an inner circumference to an outer circumference, a PCA region, 
a PMA region, a lead-in region, a program region, and a lead-out region, wherein the linear 
speed of the program region is stower than the linear speed of the PCA region. PMA region, and 
lead-in region. 

[0035] In accordance with preferred embodiments of the present Invention, the linear speed of 
the lead-out region of the optical recording medium is slower than the linear speed of the 
program region. 
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(0036] Objects and advantages of the present invention are achieved in accordance with a 
fourth embodiment of the present invention with a disk-shaped optical information medium 
comprising in a direction from an inner circumference to an outer circumference, at least a lead- 
in region, a program region and a lead-out region, wherein the linear speed of the lead-out 
region is slower than the respective linear speed of any other regions. 

[00371 accordance with the third and fourth embodiments of the present invention, the 
linear speed preferably changes gradually in a transition region, in which the linear speed 
changes. 

[0038] Moreover, by making the linear speed of the program region slower than the track pitch 
of the PCA region, PMA region and lead-in region, the linear speed gradually changes at a 
terminal portion of the lead-in region, and the change of linear speed preferably ends within the 
lead-in region, 

[0039] The third and fourth embodiments of the invention differ in that only the linear speed 
changes, in contrast to the change of track pitch in the first and second embodiments of the 
invention. Therefore, the third and fourth embodimenls have operative effects similar to the first 
and second embodiments. Furthermore, for the manufacture of disks, its preferable for the 
linear speed of the program region and the lead-out region to be the same. However, the linear 
speed of the program region and the lead-out region are not necessarily the same. For 
example, the linear speed of the lead-out region may be the same as that of the PCA region, 
PMA region, and lead-in region, 

[0040] Furthermore, further advantageous effects can be brought about by a combination of 
either of the first and second embodiments of the invention and either of the third and fourth 
invention embodiments. As the method of combination, those described as preferred modes 
can be optionally combined with their counterparts. 

[0041 1 In accordance with the first through fourth embodiments of the invention, the track 
pitch of the program region is preferably between 1,2 pm and 1.3 pm. 

[0042] In a prior art recording device or playback device including an optical detector having a 
wavelength 780 nm, NA = 0,45, the standard track pitch is 1.5 pm - 1,7 pm. Furthermore, the 
condition under which the prior art optical detector can track occurs when the peak-to-peak 
value of a signal (push-pull signal) obtained while the optical detector is passing across a track 
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is greater than a predetermined proportion of the magnitude of the signal obtained from a mirror 
surface without grooves. 

[0043] Incidentally, the effect of performing recording or playback by a prior art recording 
device or playback device Is. to the inventors* knowledge, that a sufficient magnitude of push- 
pull signal is obtained when the track pitch is 1.1 pm or more. Accordingly, tracking becomes 
possible if the track pitch is 1 .1 ijm or more. Furthermore, a track pitch of 1 ,15 pm or more is 
preferred. 

[0044] However, in accordance with the present invention, so that the productivity is the same 
for the optical recording medium as for that of the prior art, a track pitch of 1 .2 Mm is preferably 
used. 

[0045] Conventionally. 5n CD-R, DVD-R CD-RW and DVD-RW, a colorant layer or phase 
change layer is formed as a film on a plastic resin mold corresponding to the shapes of lands 
and grooves In the plastic resin. Furthermore, the necessary reflective layer and the like are 
formed as a film. The plastic substrate is molded by an injection molding method using a 
molding die having the reverse configuration of the form of the plastic substrate. The time 
required to transfer the shape of the molding die to the plastic resin is six (6) seconds in the 
case of the usual track pitch- 

[0046] Accordingly, the present inventors found the minimum track pitch which could be 
transferred within the time required to transfer the shape of the molding die to the plastic resin- 
Specifically, the present inventors determined that the standard molding time of six (6) seconds 
was serviceable for a track pitch of 1 .2pm or more. Accordingly, because the productivity 
becomes the same as for the prior art CD or CD-R/RW, i^ becomes possible to produce optical 
recording media of increased recording capacity under conditions in which a high productivity is 
maintained. 

(00471 Moreover, if the track pitch of the program region is less than 1 .5 pm, an increase in 
density becomes possible. Nevertheless, in accordance with the present invention, in order to 
obtain complete interchangeability such that in actuality tracking is also possible with application 
of a three-spot tracking method, the upper limiting value of track pitch is made less than 1 .3 pm. 
With a track pitch between 1.3 pm and 1.5 pm, a subspot detects tracking errors, but because 
of a large effect received from pits fonmed in adjacent tracks, the subspot was set at this value 
such that it did not read the center of the neighboring track. Furthermore, because most are at 
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present of the one beam type, lack of conformity with this upper limit is not of importance. 

[0048] Moreover, when the track pitch Is made between 1 .2 \irr\ and 1 -3 pm, the width of the 
grooves or lands of the program region on which the data is recording or recorded is preferably 
between 300 nm and 550 nm. 

[0049] in the case of a track pitch between 1 .2 Mm and 1 ,3 ^m, by setting the width of the 
grooves or lands of the program region in the above-described range, an optical recording 
medium is obtained in which crosstalk is reduced and also the recording capacity is increased, 
Furthenmore, if the recording or recorded width is 550 nm or less, crosstalk Is reduced, but at a 
width smaller than 300 nm, the pits become small and become unresolved at a wavelength A = 
780 nm and numerical aperture NA = 0,45. Accordingly, the track pitch is preferably between 
300 nm and 550 nm. 

[0050] Moreover, when the track pitch is between 1 .2 iirt\ and 1 ,3 \im, the laser power used 
on the optical recording medium is preferably 4.9-6.5 mW. 

[0051] Narrowing the track pitch In this manner, and/or the width of recording or recorded 
grooves or lands, in the case that one is narrowed compared with the other, when the laser 
power when writing (laser power at single speed) is usually about 72 mW, pits also become 
formed in the unrecorded land or groove, and the tendency is for the block en^or rate to 
increase- Consequently, it was determined that for a laser power between 4.9 mW and 6.5 mW. 
and for a program region having the track pitch nanrowed, good pit formation becomes possible 
only toward the recording side, 

[0052] Moreover, when the track pitch is between 1 .2 jjm and 1 -3 pm, it is preferable to make 
the amount of eccentricity of the grooves or lands of the optical recording mediunn 30 pm or 
less. 

[0053] It has been determined that when narrowing the track pitch and also experimentally 
finding the eccentricity at which tracking becomes easy, there are no apparent problems when 
the amount of eccentricity of the lands or grooves is set at 30 pm or less. 

[0054] In the first through fourth embodiments, it is preferable to make the linear speed of me 
program region 1 .0 m/s or more. 

[0055] The minimum linear speed was found at which the minimum mark can be resolved in a 
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prior art recording device or playback device with a wavelength of 780 nm and NA = 0.45 and it 
was determined that resolution is possible at a linear speed of 0.90 tn/s or more. Furthermore, 
according to the present invention, with a degree of modulation of a 3T mai1<, or a degree of 
modulation of an 1 1T mark, the sufficient minimum linear speed was found to obtain a sufficient 
value in the recording or playback devices considered, it was determined that if the linear 
speed is 1,0 mis or more, it is possible to playback a stable signal from optical recording media 
when reading out or writing. ^ * 

[0056] In the first through fourth embodiments, among the grooves and lands, the width when 
used for data recording is preferably more narrow than from the width on the side where data is 
not recorded. 

[0057] When the track pitch narrows, the tendency is for crosstalk to increase. Nevertheless, 
even if the track pitch is nan-owed among the grooves or lands of the program region, by making 
the width of recording or recorded side narrow, it is possible to reduce crosstalk. This is 
because, within the area irradiated by the light spot irradiated from the optical detector, the 
proportion of the irradiated area of the recording grooves or lands of adjacent tracks can be 
made narrow. Accordingly, the effect of pits formed in adjacent tracks decreases, and crosstalk 
is reduced. Moreover, in the case tfiat the present invention Is applied where colorant is formed 
in the recording layer, such as in the CD-R type, it is more preferable to make the width of the 
recording or recorded side nan"OW because the degree of signal modulation obtained from the 
pits tends to increase. 

[00581 In the first through fourth embodiments, the diameter of the disk-shaped optical 
recording medium is preferably 80 mm and the recording time is preferably over 30-40 minutes, 

[0059] In the case where that the diameter of the optical recording medium is 80 mm, when 
the program region is formed such that the recordable time as CD digital audio is 30-40 
minutes, as shown in conjunction with a later embodiment, Its utilization value increases and it is 
possible to us© the optical recording medium as recording media of a small size camera or 
audio recorder. 

[0060] Furthermore, in the case of an optical recording medium which can recond 30 minutes 
of digital audio, in the ISO19660 Model format, which Is a standard for CDs for digital recording, 
265 MB of data can be recorded- According to the present Invention, by limiting the recording 
time to less than 30 minutes, in an 80 mm disk, six (6) compositions can be accurately 
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recorded, 

[0061] Moreover, when the recording time exceeds 40 minutes, In an 8 cm optical recording 
medium, the track pitch or linear speed of the program area becomes too narrow, tracking 
cannot be performed and the pits do not obtain a sufficient degree of modulation, jitter becomes 
large, and recording becomes impossible. 

[0062] According to the frfth embodiment, a stamper Is provided which has convex portions 
corresponding to the concave portions of an optical recording medium, and concave portions 
corresponding to the convex portions of the optical recording media. 

[0083] According to this embodiment, the optical recording media of any of the first through 
fourth embodiments can be manufactured efficiently. 

[0064] Further, the amount of eccentricity of the concave portions or convex portions formed 
in the stamper is 10 ym or less, 

[0065] By making the amount of eccentricity of the concave portions or convex portions of the 
stamper 10 jim or less, the amount of eccentricity of the tracks of the optical recording media 
molded with this stamper easily becomes 30 \xm or less. Accordingly, with the optical recording 
media manufactured with this stamper, tracking becomes easy, as mentioned above, even if the 
track pitch is narrowed. 

[0066] According to the sixth embodiment, a method of manufacturing a stamper is 
characterized by providing a first molding die made of metal, molding a second molding die 
made of resin from the first molding die, and molding a stamper made of metel, which is a third 
molding die, from the second molding die. 

[0067] In the present invention, firstly, by electroplating methods or metallic film forming 
methods and the like, a first molding die is manufactured which is a stamper which can be 
utilized to manufacture the optical recording media of the first flirough fourth embodiments. The 
first molding die is not used directly for manufacturing the optical recording media, but rather, by 
taking an impression by pressing a resin against the first molding die, a second molding die, 
which Is made of resin and reverses the concave and convex of the first molding die, is made. 

[0068] Thereafter, using the second molding die. a stamper made of metal is molded using a 
method similar to that used in manufacturing the first molding die. In this manner, the stamper, 
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which is the first molding die, is not directly used for manufacturing optical recording media, but 
rather manufactures plural second molding dies. The actual stampers are made from the plural 
second molding dies. Because the third molding dies are stampers made of metal, even though 
lithographic processes are not perfonmed plural times, plural stampers can be manufactured by 
a simple process. 

[0060] As described hereinabove, the optical recording medium according to the present 
invention, while using recording and playback devices of the prior art, can cause the optical 
recording medium to manifest maximum efficiency, and also, without differing from the 
standards imposed on the disks, can provide an optical recording medium with an increased 
recording capacity. Consequently, the recording and playback devices of the prior art can be 
used. Further it is possible to use an optical recording medium wtOi a large recording capacity. 
According to the seventh embodiment, a disk-shaped optical information medium has at least a 
lead-in region, a program region and a lead-out region, and the track pitch of the lead-in region 
is smaller than the track pitch of any other regions. 

[0070] Moreover, the stamper according to the present invention can be used to efficiently 
manufacture optical recording media according to the present Invention, 

[0071 J The method of manufecturing of stampers according to the present invention, even 
without the use of lithographic processes plural fimes, can be used to manufacture plural 
stampers by a simple process. 

[0072] A seventh embodiment of present invention comprises an optical receding medium 
that performs recording and playback of data by tracking of a light beam along a meandering 
groove or land, and having sequence from an inner circumference to an outer circumference a 
PCA region, a PMA region, a lead-in region, a program region, and a lead-out region, wherein at 
least one of either a PCA region or a PMA region, the track pitch or linear speed Is greater than in 
the other region[s]. 

[0073] In tiiis manner, according to the seventh embodiment of the present Invention, writing and 
reading to/from the PCA region and PMA region are easily perfonned, making the track pitch or 
linear speed large, as regards the PCA region and PMA region in which important data was 
recorded at ttie time of optical writing. 

[0074] In particular, the PCA region, as aforemenfioned, is a region which performs power 
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calibration of laser power while writing to the optical data recording medium. Because of this, trial 
writing to the PCA region in order to accurately set the laser power with respect to the optical data 
recording mediunni it is necessary to find as accurately as possible the state of a rnark which was 
formed by the trial writing. The case that an optical pickup was used whose optical characteristics 
were not very good, is a case in which a more suitable result is obtained than by adopting the 
invention described at the beginning "linear speed of the PCA region and program region made the 
same". In this kind of recording device, an optical data recording medium Is preferably used in 
which the PCA region is larger than other regions, and also the recording density of the program 
region is increased. 

[00751 On the other hand, in the PMA region, also as aforementioned, the result is also recorded 
for the power calibration performed while writing for the first time on the program region used. 
Accordingly, in addition to accurately reading out a record written in the PMA region, it is necessary 
to add data to the optical data recording medium. It is therefore preferable to make the track pitch 
or linear writing speed of the PMA region greater than that of other regions, such that reading from 
the PMA region becomes possible, and moreover so as to be able to accurately record to the 
optical data recording medium even while writing on the optical data recording medium. 

[0076] Furthemnore, by making both the PCA region and the PMA region larger than other 
regions, a synergistic effect can be obtained. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0077] These and other objects and advantages of the present invention will become more 
apparent and more readily appreciated from the following description of the preferred 
embodiments, taken in conjunction with the accompanying drawings of which: 

[0078] FIG, 1 is a schematic diagram of the physical fomnat of an optical recording medium 
according to a first embodiment of the present invention, 

[0079] FIGS, 2(A) through 2(E) are diagrams showing the distribution of track pitch or linear 
speed in locations and respective regions of recording region(s) in a CD-R type optical 
recording medium according to the present invention, 

[0080] FIG. 3 Is a schematic diagram of the physical format of an optical recording medium 
according to the second embodiment of the present invention. 

[0081] FIG. 4 is a schematic diagram of the physical format of an optical recording medium 
according to the third embodiment of the present invention- 

[00821 FIGS. 5(A) and 5(B) show the distribution of track pitch or linear speed in locations and 
respective regions of recording region(s) in a CD-R type optical recording medium according to 
a preferred embodiment of the present invention. \ 

[0083] FIG. 6 is a schematic diagram of the physical format of an optical recording medium 
according to the fourth embodiment of the present invention, 

- [00841 FIGS. 7(A) through 7(E) show the distribution of track pitch or linear speed in locations 
and respective regions of recording region(s) in a CD-R type optical recording medium 
according to the present invention. 

[0085] FIG. 8 is a schematic diagram of the physical format of an optical recording medium 
according to the fifth embodiment of tiie present invention. 

[0086] FIG, 9 is a schematic diagram of the physical fonnat of an optical recording medium 
according to the sixth embodiment of ttie present Invention. 

[0087] FIGS, 1 0(A) through 1 0(B) show the distribution of track pitch or linear speed In 
locations and respective regions of recording region(s) in a CD-R type optical recording medium 
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according to a preferred embodiment of the present invention. 

[0088] FIG. 1 1 is a diagram showing the manufacturing method of a stamper which is one 
according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0089] Reference will now be made in detail to the preferred embodiments of the present 
Invention, examples of which are Illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout 

[0090] The content of the present Invention is described in detail hereinbelow. based on 
embodiments of the invention and examples thereof Furthennore, in the following description, 
the recording and playback devices are described in which a wavelength Of 780 nm and a 
numerical aperiiure of 0.45 are used, which are those most frequently used at present In the 
present invention, except where limited in the claims, not only are these recording and playback 
devices used, but also recording and playback devices with different wavelengths and numerical 
apertures, and accordingly different resolving power, can be used- Further, use is also possible 
in cases in which standards could be associated with the methods of such recording and 
playback devices. 

[0091] FIG. 1 is a schematic diagram of the physical format of an optical recording medium, 
represented by CD-R and CD-RW, according to an embodiment of the present invention. The 
Inner drcumferential side of the optical recording medium is shown at the left-hand side of FIG. 
1 and the outer circumferential side of the optical recording medium is shown at the right-hand 
side of FIG, 1 . The opfcal recording medium 1 comprises, extending from the inner 
circumferential side to the outer circumferential side, a non-recording region, a PCA region, a 
PMA region, a lead-in region, a program region and a lead-out region. 



[0092] The PCA region is a region for a recording drive to perform a trial recording and i 
calibrate optical power when the optical recording medium is written. The PMA region is a 
region to record use states of the program region. The lead-in region is a region for memorized 
contents information recorded in the program region. The contents information are, for 
example, Table of Contents recorded in the program region and additional data which concern 
the sector header and so on, which need to control the recording devices or recording playback 
devices. The program region is a region in which contents stored by user are memorized, The 
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lead-out region is used to return tracking to the origin when the tracl^ing of fte optical detector 
deviates and slips off the program, 

[0093] A wobbled pre-groove 2 is formed in the optical recording medium 1 . This pre-groove 
2 is wobbled in a meandering form based on a standard signal having a predetermined 
frequency and pre-format data in a composite signal (ATIP signal). In the recording device 
which writes the data on the optical recording medium, recording and playback are performed 
based on the obtained pre-*format data, demodulating two reflected light amounts from this pre- 
groove. 

[00941 Furthemiore, the pre-groove 2, according to the present invention, is FM modulated 
with a carrier frequency of 22,05 kH2- Moreover, this pre-groove 2 is formed continuously 
across the PCA region, PMA region, lead-in region, program region, and lead-out region of the 
CD-R or CD-RW. 

[0095] When recording, initially, the optical detector of the recording and playback device 
moves adjacent to the start position of flie lead-in region, which Is In the inside region of the 
optical recording medium 1, and the optical recording medium 1 rotates at a predetermined 
rotation speed. Thereupon the optical detector moves to the start position of the lead-in region 
from the preformat region which Is read out. 

[0096] Next, demodulating the pre-groove of the lead-in region, the maximum possible 
recording time, the recommended power of the writing light and the disk application code are 
read out Then, the PCA region is read and the power of the writing light is calibrated so as to 
become optimum. Moreover, before and after the power calibration, the PMA region is read and 
at a subsequent time the necessary address data is react out 

[0097] Moreover, when the pre-groove is demodulated, at least where the optical detector is 
initially positioned, focusing has to be effected. Accordingly, according to the first embodiment 
of the present invention, the entire track pitch of the PCA region and of the PMA region, inside 
from the lead-in region, is made wider than in the program region. In this manner, focusing the 
optical detector is easily possible. Furthermore, for the program region in which data is 
recorded, by making the track pitch small, the recording capacity increases, 

[0098] Furthermore, according to the first embodiment of the present invention, the following 
points are taken into account, 
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10099] In the standards for CD-R and CD-RW, the length of the PCA region, 22 seconds or 
about 40 frames, and the length of the PMA region, 13 seconds or about 25 frames, are set by 
the standard. Maintaining these lengths, the CD-R and CD-RW according to this embodiment 
are fcmned such that the lead-in start radius equals the standard. 

[00100] In addition, the start radius of the lead-in region and the program region are set at a 
predetermined position, as well as the lead-in region start time, and the manufacturer cannot in 
fact optjonally alter the manufacturer's recognition code (M-code), or the code (T-code) showing 
the recording method. Furthermore, the time from the lead-in region start time to the program 
region start time is also set by the standard. Then, the size of the lead-out region is set at 1 
minute 30 seconds or more in equivalent recording time. 

[00101] So as to sufficiently satisfy these standards, the track pitch of each of the PCA region. 
PMA region and lead-in region, is made similar to the prior art. Moreover, the linear speed is 
also preferably approximately 1 .2 m/s. In this manner, there is sufficient interchangeablllty with 
the recording and playback devices from the prior art. 

[00102] According to first embodiment, the location of the recording region and the track pitch 
In the respective regions are as shown in FIG. 2(C). FIG. 2(A) shows the location of the 
recording region of the optical recording medium, from the center there are in sequence: a non- 
recording region having no groove, the PCA region, PMA region, lead-in region, program region, 
and lead-out region, and a non-recording region having no groove. 

[00103] FIGS, 2(A) - 2(E) are diagrams showing the distribution of track pitch or linear speed 
corresponding to each region. Fig 2(B) corresponds to alprior art CD-R and the like optical 
recording medium in which; the track pitch and linear speed become constant in the PCA 
region. PMA region, lead-in region, program region, and lead-out region. 

[00104] Rg 2(C) corresponds to a CD-R and the like optical recording medium of the first 
embodiment of the present invention where in the PCA region, PMA region, and lead-in region, 
the track pitch is wider than in the program region so that data recorded in these regions to be 
accurately written and read out. 

100105] In contrast, in the program region and lead-out region, the track pitch Is more narrow 
than In the PCA region, PMA region, and lead-in region. In this manner, the recording density of 
the program region is increased. 
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[00106] Furthermore, if the track pitch is wider than the minimum necessary track pitch of 1 .1 
[im in the program region, a push-pull signal for tracking control is also obtained in the recording 
and playback devices of the prior art Furthermore, preferably if the track pitch is 1 ,1 5 urn or 
more, it has a margin, and a push-pull signal of sufficient magnitude is obtained. 

[00107] However, because productivity in optical recording medium manufacturing falls when 
the track pitch is made too narrow, it is preferably set at 1 .2 |jm or more in the first embodiment 
of the present invention. 

[00108] A Stamper having lands and grooves of corresponding shape is usually used to 
manufacture CD-R, DVD-R. CD-RW and DVD-RW. This stamper is a metal die in order to form 
the shape of lands and grooves in a plastic substrate. The plastic substrate is molded by an 
injection molding method using this stamper. A film having a colorant layer or phase change 
layer, and a necessary reflecting film and the like, are formed as films on the plastic substrate, 
which is molded to form the manufactured optical recording medium. 

[001 09J When molding this plastic substrate, the plastic resin sufliclently penetrates into the 
concave-convex surface. Then, a cooling and solidification time is necessaiy. This time is 6 
seconds for the prior art optical recording media. Then, to manufacture the optical recording 
medium, other processes are set simultaneously at this time. In this manner, the optical 
recording media of the prior srt CD-R and the like are manufactured at a low cost 

[001 1 0] To maintain productivity In the first embodiment of the present Invention, time might be 
saved in the molding process of the plastic substrate. Furthermore, increasing the die 
temperature, or Increasing the mold closing force are possible methods of shortening the time 
for sufRclent penetration into the concave/convex surface of the stamper. However, according 
to the former method, the time for cooling increases. Moreover, according to the latter method, 
the mold closing device itself has to be changed, Incumng an increase in cost. 

[00111] Accordingly, it was discovered that. In the molding conditions of the plastic substrate, 
for 6 seconds to be possible, a track pitch of 1 .2 pm or more was preferable. 

[001 121 Moreover, If the upper limit of the track pitch for the program region Is less than 1 .5 
Mm. higher density becomes possible. Furthemnore, to obtain complete interchangeability In the 
present invention, the upper limit of track pitch was made 1 .3 m- Several types of recording or 
playback devices have used the three beam tracking method for tracking the track of the 
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medium. It is known that a recording or playback device using the three beam tracking method 
experiences a tracking error when it is recording or playing back a medium which has a track 
pitch between 1 .3 pm and 1 .5 pm. With a track pitch greater than this value, a subspot detects' 
tracking en-ors, but because of a resulting large effect of mail^s formed in a neighboring track, 
the subspot was set at this value such that It did not read the center of the neighboring track. 
Furthermore, with the object that the subspot is at the periphery of an adjacent track, the track 
pitches of a track and an adjacent track are equal, and no problems arise in tracking. 

[001 13J Next, the second embodiment of the present invention is described. The physical 
fonmat of an optical recording medium according to the second embodiment is shown in FfG- 3, 

[001141 According to the second embodiment of the invention, Instead of making the track 
pitch narrow, the linear speed Is decreased. Specifically, the linear speed of the optica! 
recording medium In the PCA region, PMA region, and lead-in region is made about the same 
as in the prior art. On the other hand, in the program region and lead-out region, the linear 
speed becomes slower than in the PCA region. PMA region, and lead-in region. The reason is 
that the recording capacity can be increased because the recording density of the program 
region is increased and also area is saved in the lead-out region, 

[001 15] Furthermore, the reason for making the program region comparatively large with 
respect to the PCA region. PMA region, and lead-in region, is as follows, 

[001 16] In the recording and playback devices of the prior art, to recognize the optical 
recording medium 1, performing focusing as described hereinabove, tracking control is 
perfonned. Then, in the recording and playback device, an ATIP signal is obtained from a pre- 
groove obtained to cause rotation of the optical recording medium at a predetennlned linear 
speed. In the prior at optical recording media, an ATIP signal is obtained which is a 22,05 kHz 
carrier frequency at a linear speed of 1 .2 m/s - 13 m/s. Nevertheless, when the linear speed is 
reduced in all regions of the optical recording medium in order to increase recording capacity, 
because the optica! recording medium reaches the nomial rotation speed at the rotary derive 
start time, the carrier frequency of the ATIP signal obtained from the optical detector becomes 
higher than 22.05 kHz, The circuit which controls the notation of the optical recording medium 
may be capable of pulling in up to a sufficiently high frequency, but at a speed the same as tfie 
prior art optical disk, the signal obtained to rotate the optical disk of the present invention is not 
limited to pulling in to a high frequency. Then, due to not pulling in the ATIP signal, rotation 
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control or pickup movement control of the optical recording medium become impossible. 

[00117] Accordingly, in the second embodiment of the present invention, to reach conformity 
with all the recording and playback devices, in each region of the PCA region, PMA region, and 
lead-in region, the linear speed was made about the same as In the prior art optical recording 
media- 

[00118] Furthermore, in the optical recording medium of the second embodiment of the present 
invention, or in the disk stamper used to manufacture the optical recording medium, when the 
linear speed Is reduced, with regard to the direction of rotation Of the medium, it becomes 
possible to reduce the length consumed in one period of the meander amplitude of the formed 
pre-groove. Accordingly^ in the case of molding a disk or its stamper having a wobble-shaped 
pre-groove, the linear speed is reduced by making the length which is consumed in one period 
of the meander amplitude short. 

[001 19] The linear speed in the program groove was set in accordance with the following, in a 
prior art recording and playback device having an optical detector of 780 nm. NA = 0.45, a 
minimum speed was found which has a length of about a minimum mark which can be resolved, 
the result being found that, if the linear speed is 0,90 m/s or more, resolution Is possible. 
Consequently, by setting the linear speed of the program region in the that range, the memory 
capacity is markedly increased. 

[00120] Furthermore, for the degree of modulation by a 3T mark (termed "13" hereinbelow), or 
the degree of modulation by an 11T mark (termed "111" hereinbelow), for the recording and 
playback device considered, the minimum linear speed to obtain a sufficient value was found. 
The result was that if the linear speed is 1 .0 m/s or more, playback of a stable signal when 
reading from and writing to an optical recording medium was possible- Jitter at a speed of 35 ns 
or less could be reached at this speed, and it was possible to write and read out a good signal. 

[00121] Furthermore, the distribution of linear speed corresponding to the respective regions 
according to the second embodiment of the present invention is shown in FIG, 2(C). The linear 
speed is shown on the ordinate of FIG. 2(C), 

[00122] In this manner, in the first or second embodiments of the present invention, by making 
the track pitch or linear speed or the program region smaller than that of the PCA region, PMA 
region, and lead-in region, a high density optical recording medium could be obtained and 
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recording is possible with a prior art optical detector of about A = 780 nm, NA = 0.45. 

[00123] Moreover, by not only making either one of the track pitch or linear speed small in VnB 
program region, but by making both track pitch and linear speed smaller than in the PCA region, 
PMA region, and lead-in region, a further increase of recording capacity is possible. 
Furthermore, the opiimum track pitch and linear speed in the program region are preferably, for 
the above reasons, set to a track pitch of between 1 .2 \im and 1 .3 |jm, and a linear speed of 1 .0 
m/s or more. Furttiermore, the upper limit of linear speed to add useful commercial value to an . 
8 cm CD-R or CD-RW may be 113 m/s or less, 

[00124] Next, an optical recording medium is described according to a third embodiment of the 
present invention with increased memory capacity by modifying the abovementioned 
embodiment. This optical recording medium has, in the lead-out region, at least one of the track 
pitch and linear speed smaller than in the program region. This is because the standard set in 
the lead-out region is 1 minute and 30 seconds or more. Therefore, in a range which satisfies 
the recording time standard of the lead-out region, the area occupied by the lead-out region can 
be reduced and, because this portion can be used for the program region, the recording 
capacity of the program region can be increased, 

[00125] The distribution of track pitch or linear speed corresponding to the respective regions 
in an optical recording medium according to the third embodiment Is shown in FIG. 2(D). 
Moreover, a change of the track pitch according to the third embodiment is shown In FIG, 4, 
which is a schematic diagram of the physical format of an optical recording medium, 

[00126] Next, an optical recording medium is described in which the recording capacity of the 
program region is increased without making the track pitch or linear speed of the program 
region smaller than that of the PCA region, PMA region, and lead-in region, 

[00127] This optical recording medium has at least one pf the track pitch and linear speed 
snnaHer in the lead^out region than in the other regions. The distribution of track pitch or linear 
speed corresponding to the respective regions of this optical recording medium is shown in FIG, 
2(E). 

[00128] In addition, in a range which satisfies the recording time standard for the lead-out 
region, the area occupied by the lead-out region can be decreased, and because this portion 
can be utilized as a program region, the recording capacity of the program region can be 
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increased. 

[00129] Incidentally, by making the track pitch or linear speed in the program region as above- 
mentioned, Le., less than in the PCA region, PMA region and lead-in region, the recording 
capacity in the program region can be increased. Preferably, the linear speed in the PCA region 
is the same as in the PCA region, 

[00130] Usually, to calibrate the light power when writing on a CD-R or CD-RW optical 
recording medium, writing and reading on the PCA region are performed, and a suitable power 
is found for the respective medium. Then, when writing and reading on the program region and 
obtaining the recommended power value from the ATIP signal obtained from the pre-groove of 
the PCA region, some marks are written to the PCA region at a laser power, oscillating the value 
above and below this recommended value. Then, the optimum mark having the obtained power 
is written. . 

[00131] However, when the linear speed in the PCA region and the linear speed in the program 
region are different, a change in the power per unit area results and, thus, power writing on the 
program region becomes insufficient In order to avoid this, the linear speed is preferably made 
the same in the program region and the PCA region. 

[00132] Moreover, so as not to impose a load on the motor disposed in the recording device or 
playback device, the PCA region. PMA region, lead-in region, and program region preferably 
run at the same linear speed. In contrast, regarding track pitch, a readable and writable extent 
having a margin can be disposed throughout the PCA region, PMA region, and lead-in region 
and by making the track pitch more narrow in the program region, the recording capacity can be 
increased. The distribution of track pitch and linear speed in the respective regions of an optical 
recording medium having such a constitution is shown in FIG. 5. Furthennore, the full line in 
FIG. 5 shows the linear speed and the dotted line in FIG. 5 shows the track pitch. 

[00133] Accordingly, while fixing the linear speed, an optimum linear speed for maintaining 
suffident recording capacity is preferably 1 .0 m/s or more. Furthermore, the upper limit value of 
the linear speed may be 1.13 m/s or less to add commercial value to an 8 cm CD-R or CD-RW. 
Furthemiore. it was discovered that, when writing at a high speed (particulariy to a 20-fold 
extent), speed control becomes difficult at speeds above 1.16 m/s. 

[00134] Furthermore, if the track pitch of the program region is reduced, for example, when 
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recording in a groove, the width of the groove is preferably finer than the width of the land. In 
particular, in the case that the tracl^ pitch is reduced, crosstalk tends to worsen. To avoid this 
deterioration of crosstalk, by making the groove width narrow, i.e., within the range illuminated 
by the light spot, it becomes possible to make the proportion occupied by the mark formed in an 
adjacent groove small. 

[00135] Accordingly, the effect of a mark formed In an adjacent groove becomes small and 
crosstalk is reduced. 

[001361 Furthennore, if the track pitch is between 1 .2 Mm and 1 .3 pm, the width of the portion 
in which recording pits are formed Is preferably between 300 nm and 550 nm. Furthermore, the 
lower limit of 300 nm or more is a width at which the presence or absence of a mark can be 
resolved by an optical detector of wavelength K = 750 nm, numerical aperture NA = 0.45. 

[00137] Furthermore, this is not limited to the case of groove recording; in the case of land 
recording, by making the land width narrow, a similar effect can be expected. IVloreover, in the 
case of a CD-R with a recording layer formed with colorant, the degree of modulation also 
becomes large at mark playback time. 

[00138] Moreover, regarding the track pitch in the PCA region, PMA region, and lead-in region, 
in an embodiment In which the track pitch Is wide, the characteristic features are as follows. 

[00139] By increasing the track pitch of the PCA region which performs calibration, focusing of 
the PCA region becomes easy, and also effects from adjacent tracks are hardV received. 
Accordingly, selection of the appropriate laser powder for the medium is easy. 

[00140] Moreover, focusing becomes easy in the PMA region as well, and program region 
written data which is written in the PIVIA region can be accurately read out. Accordingly, 
reliability is increased at the time of recording a postscript on the medium. 

[00141] Furthermore, both the PCA region and the PMA region are mentioned, but with signals 
recorded in these regions the block error rate becomes low and both 13, 111 are within 
specification and have a margin. Accordingly, data recorded in the PCA region and PMA region 
can be read out with high accuracy and stable recording operations are performed in recording 
and playback devices. 

[00142] Furthemiore, according to the present invention, In the case of a CD-R with the track 
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pitch made between 1 .2 pm and 1 .3 pm or less, the optimum power becomes lower than for a 
prior art CD-R to the extent that the track pitch is narrowed. Accordingly, the recommended 
power value in the ATIP signal in the lead-in region is preferably lower than the recommended 
power value for a prior art CD-R, Furitiermore, the preferred recommended power range, in a 
laser power value at single speed, is between 4.9 mW and 6,5 mW. 

[00143] With the abovementioned track pitch, when the recommended power reaches more 
than 6.5 mW, in the case of a CD-R, pits come to be fonned in the land or groove on the 
unrecorded side. Accordingly, the block error rate increases. Furthermore, when the 
recommended power value becomes a normal 7.2 mW, the power range at which it is possible 
to calibrate in the PCA region becomes outside the optimum power value. 

100144] Furthermore, when the recommended power value becomes 4.9 mW or less, the pits 
now formed become too small, and good pits are not formed, 

[00145] Because the optimum power for an optical recording medium formed with a prior art 
track pitch is 7,2 mW, the recommended power is initialJy set low and, by placing the lead-ln 
region a meandering groove already formed corresponding to this power value in the lead-in 
region, the recording and playback device is able to accurately select the optimum power, 

[00146] Moreover, in recent years, CD-RW have been proposed in which high speed recording 
and playback is possible. In particular, a 4- to 10-fold degree of reading speed is obtained. This 
standard is set in the Orange Book, Part 3, Vol, 2, Ver, 1 .0. In this standard, a point of 
difference from the prior art CD-RW is a time jump of 30 seconds in the PCA region. The 
intermediate portion of the PCA region is a portion with no ATIP sjgnaL 

[00147] Only the lead-in region introduced in the prior art technology is wide. Othenwise, 
because the recording capacity is high, the track pitch or linear speed is reduced and the time 
jump portion Is formed at a different poslBon than heretofore. Accordingly, when trial writing in 
the PCA region, the possibility that stable control was not possible arose. However, this 
possibility does not arise in the present invention. In this manner, the optical recording medium 
of the present invention is a highly interchangeable optical recording medium. 

[00148] Incidentally, in the case that the track pitch of the program region is nan-owed, the 
effect of eccentridty In the medium Increases, Therefore, in comparison with the PCA region, 
PMA region, and lead-in region, if the program region is narrowed, it is preferable for the 
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amouni of eccentricity to be 30 pm or less. 

100149] FIG. 6 is a schematic diagram of the physical format of an optical recording medium, 
represented by a CD-R and CD-RW, according to the fourth embodiment of the present 
Invention. This fourth embodiment is the same as the first embodiment except for the following 
points; FIGS, 6 and 7 are also the same as FIGS. 1 and 2, except for the following points, and a 
description of the points which are the same is omitted herein, 

[00150] In this fourth embodiment, in portions where the track pitch changes, the track pitch is 
made to change gradually. This region is termed the transition region of the track pitch. 
Moreover, as shown in FIG. 6, the track pitch transition region A is disposed in the lead-in 
region. In and after the latter half of the lead-in region, the change of the track pitch ends within 
the lead-in region. Because the track pitch is caused to gradually change in this manner, there 
is no possibility of sudden errors arising during recording and playback due to large extemal 
disturbances entering the tracking control device and tracking being disturbed. Furthermore, 
because the track pitch does not change in the program region, stable writing and reading 
become possible. 

[00151] The location of the recording regions and the track pitch in the respective regions, 
according to the fourth embodiment are shown in FIG. 7(C). 

[001521 Furthenriare, FIG, 7(A) shows the location of the recording regions of the optical 
recording medium. From the center, there are shown in succession: a non-reconding region 
which has no groove, the PCA region, the PMA region, the lead-in region, the program region, 
the lead-out region, and a non-recording region which has no groove, 

[00153] FIGS. 7(B)-(E) are diagrams showing the distribution of tirack pitch or linear speed 
corresponding to the respective regions, FIG, 7(B) conBsponds to a prior art CD-R where the 
track pitch and the linear speed are fixed in the PCA region, PMA region, lead-in region, 
program region, and lead-out region, 

[00154] FIG, 7(C) corresponds to the optical recording medium of the fourth embodiment of the 
present invention where the track pitch in the PCA region, PMA region and lead-in region is 
wider than that in the program region so that data can be accurately read out from these 
regions, 

[00155] In contrast to this, in the program region and lead-out region, the track pitch is more 
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narrow than in the PCA region and PMA region. In this manner, the recording density of the 
program region is increased. Then, a traci< pitch transition region A is disposed in the latter half 
of the lead-in region and, thereafter, the track pitch gradually decreases within this transition 
region A and becomes a predetermined tracl< pitch by the beginning of the program region. 
Accordingly, the responsiveness of the optical detector of the playback device or recording 
device is high and tracking errors hardly occur. 

(00156] Next, a description is given of the optical recording medium according to the fifth 
embodiment of the present invention, 

[00157] FIG, 8 shows the physical fomiat of an optical recording medium according to the fifth 
embodiment. In this optical recording medium, the linear speed is reduced instead of narrowing 
the track pitch. Then, the resulting optical recording medium is the same as the optical 
recording medium of the second embodiment of the invention, with the exception of the 
following points. A description is omitted of the parts which are the same. 

{001 58 J In the fifth embodiment, a linear speed transition region A is disposed between the 
program region and the lead-in region so as not to suddenly change the linear speed. 
Accordingly, a transition region which gradually changes the linear speed is provided so that a 
3 load is not imposed on the motor which rotates the medium or on its control device. 

g [00159] Furthermore, the distribution of linear speed corresponding to the respective regions in 
the configuration of the fifth embodiment of ttie present invention is shown in FIG. 7(C). 
Furthenmore, at this time, the linear speed shown on the ordinate of FIG. 7(C) is considered, 

[00160] Next, a description is given of the optical recording medium according to the sixth 
embodiment of the invention, with a memory capacity increased over that of the 
abovementioned fifth embodiment In this embodiment, moreover, a transition region B for track 
pitch or linear speed is disposed between the lead-in region and the program region. 
Furthermore, a transition region C for trad< pitch or linear speed is disposed adjacent to flie start 
portion of the lead-out region. Furthermore, In the optical recording medium of the sixth 
embodiment the transition region B Is formed so as to straddle the lead-in region and the 
program region. Then, the transition region C Is present in the lead-out region only, 

[00161] The distribution of track pitch or linear speed con^esponding to the respective regions 
in the optical recording medium of the sixth embodiment is shown in FIG> 7(D). Moreover, a 
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schematic diagram of the physical fomiat of the optical recording medium when the track pitch 
changes according to the sixth embodiment is shown in FfG. 9. 

[001 62] The sixth embodiment differs from the third embodiment only in that a transition region 
is disposed; Its other constitution or operational results are tfie same as in the third embodiment 
and, thus, their description is omitted. Furthemiore, the object and operational result of 
disposing a transition region are the same as in the fourth and fifth embodiments. 

[00163] Next, a description rs given of a optical recording medium with increased recording 
capacity of the program region ^ without making the trad< pitch or linear speed smaller than in 
the PCA region, PMA region, or lead-in region. 

[00164] In this optical recording medium, at least one of the track pitdi and linear speed 
becomes smaller in the lead-out region than In the other regions. The distribution of track pitch 
or linear speed corresponding to the respective regions in this optical recording medium is 
shown in FIG, 7{E). Furthermore, a transition region D is formed in the terminal portion of the 
program region. 

[00165] In this optical recording medium, the similar to as shown in FIG. 2(E), in a range which 
3 satisfies the standard for recording time of the lead-out region, the area occupied by the lead- 
out region can be made smaller, and because this portion can be used as a program region, the 
recording capacity of the program region can be increased. 

[00166] Incidentally, if a tnansition region is not disposed in the program region, It is preferably 
disposed in the end portion of the lead-in region or in the lead-out region. For example, TOC 
data is written in the fead-in region, but the same data is repeatedly written until the entire lead- 
in region is filled. Therefore, because the necessary data is read out at the initial side of the 
lead-in region, the final side of the lead-in region becomes unnecessary- Accordingly, even 
when disposing the transition region in the lead-in region, adverse effects rarely occur. 
Moreover, because there is no reason for special data to be written into the lead-out region, 
even when disposing the transition region In the lead-out region, adverse effects rarely occur. 

[00167] Furthermore, when disposing a transition region, it is preferable to make the linear 
speed the same throughout the PCA region, PMA region, lead-in region, and program region so 
that a load is not imposed on the motor for rotating the disk witii the transition region disposed in 
the recording device or playback device. Alternatively, it is preferable to make the track pitch in 
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the program region narrow for easily obtaining a margin to write and read throughout the PCA 
region, PMA region and the lead-in region. 

[001681 The disfribution of trad^ pitch and linear speed con-esponding to tfie respective regions 
of the optical recording medium having such a cx)nstitution as shown in FIGS. 10(A) and 10(B). 
Furthennore, showing the optical recording medium in FIGS, 10(A) and 10(B), the solid line 
shows the linear speed and the dotted line shows the track pitch. Moreover, frie track pitch 
transition regions, disposed in the lead-in region and the lead-out region, are such that the track 
pitch does not change in the program region. Preferably, the range of linear speed is as 
mentioned hereinabove. 

[001 69] Moreover, in the case of manufacturing a stamper for this kind of disk, a process is 
perfomned con-esponding to grooves or pre-plts by a laser cutting machine or the like. In these 
process machines, there is a table movement type in which a process is perfonmed wherein a 
table which fixes the stamper moves, and a pickup movement type, which causes a laser or the 
like process tool to move. In the case of changing the track pitch with the pickup movement 
type, the response is fast and the following accuracy is good. However, because the table 
movement method is superior from the aspect of processing accuracy of the whole disk, the 
proper use of both types as appropriate is preferable, 

[00170] Furthemnore, to form the track pitch with high accuracy, in the case of using the table 
movement method, the drive circuit driving the table, according to the prior art, does not Include 
a method of only inputting the signal relating to the track pitch one time. With respect to the 
position in the radial direcfion, a controller is necessary to input the track pitch signal at any time 
while detecting the position in the radial direction and inputting the track pitch signal according 
to this position, 

[00171 J A description will next be given, using FIG. 11, of the method of manufacturing a 
stamper which can be applied to the optical recording media of the abovementioned first 
through sixth embodiments of the present invention, 

[00172] A soda-lime glass plate is processed as substrate material to a donut-shaped disk, as 
substrate 3. After this, the substrate surface is accurately polished to a surface roughness Ra - 
1 nm or (ess. After washing, primer and photoresist 4 are spin coated in succession onto the 
substrate suriace. Prebaking and a photoresist layer 2 of about 200 nm thickness is formed on 
the respective substrate 3 in operation (1). 
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100173] Next, using a laser cutting device, the photoresist 4 on the substrate 3 is exposed. 
The exposure pattern is a pattern corresponding to the grooves and prepits of the optica) 
recording medium according to the present inventfon. 

100174] At the end of exposure, the photoresist 4 on the substrate 3 is developed with various 
alizarine developing solutions. The resist surface is spin washed, and postbaked thereafter. A 
resist pattern Is thereby formed in operation (2). 

[001 751 Next, this substrate 3a is set in a sputtering device and an Ni layer (electrically 
conductive layer) is deposited and adhered on the surface. The electroconductive treatment In 
this manner ends* Then, NI electroplating is performed by passing an electric current 
therethrough and a predetermined thiCl<ness of a Ni plated layer 5 is thereby obtained in 
operation (3). Then, this Ni plated layer 5 is peeled from the substrate 3a, and a first molding 
die 5a is obtained in operation (4). 

[00176] A protective coating (as an example, commercial name "CleanCoat S" by Fine 
Chemical Japan Co.) Is coated on the rough surface of the first molding die 5a by a spin coating 
method. After coating, the coating film dries naturally. The rough surface Is thereby covered 
with a protective coating. After polishing the back suri'ace of the first molding die 5a, dieing-out 
its internal diameter and external diameter, the first molding die Sa is removed. In this manner, 
a donut-shaped first molding die 5a is completed. 

[00177] The substrate 3a does not become damaged after the first molding die 5a is peeled off. 
Consequently, after washing the substrate 3a, the process can be repeated and plural first 
molding dies 5a can be obtained. When a stainless steel plate is affixed with epoxy adhesive to 
the back surface of the first molding die 5a, the flatness of the first molding die 5a is improved. 

[00178] Next, an ultraviolet light setting resin solution is prepared. As a resin solution, when 
considering heat or light absorbing properties, mold separation, light resistance, durability, and 
hardness, it is preferable to use one with color number (APHA) 30-50, refractive index at 25°C 
1 .4-1 .B. Preferably, the specific gravity of the resin solution is 0,8-1 .3. the viscosity at 25°C is 
10-4800 cps degrees, from the standpoint of transferabillly. 

[00179] In addition, a soda-Hme plate glass disk 7 is prepared. Then, the surface is washed, a 
silane coupling agent, which is a primer, is coated on and then baked. Then, a resin solution is 
dripped onto the first molding die 5a on the rough surface. The glass plate 7 is then pressed on 
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from above. The resin solution 6 is sandwiched between the glass disk 7 and the first molding 
die 5a> At this time, care is taken to ensure that there are no bubbles in the resin solution 6. 
Furthermore, the viscous resin solution 6 is spread out uniformly on the first molding die 5a by 
pressing the glass disk 7, 

100180] Ultraviolet light is irradiated onto the resin solution 6 from a mercury lamp through the 
glass disk 7. Thereby, the resin is hardened and a second molding die 6a made of a hard resin 
layer is formed in operation (5). Next, the second molding die 6a is peeled flrom the first 
molding die 5a. The second molding die 6a, with the glass disk 7 as a base, become an Integral 
structure in operation (6). 

[00181] The remaining first molding die 5a, after being separated by peeling, is undamaged 
and can be used repeatedly. Therefore, plural second molding dies 6a can be formed from one 
first molding die 5a. The manufacture of the second molding dies 6a is easy and one can be 
manufactured in 15-60 minutes. 

[00182] Next, with a second molding die 6a as an original, a third molding die made of metal is 
fonmed. The manufacturing method is the same as the manufacturing method of the first 
molding die 5a, as described hereinabove. Namely, a second molding die 6a i$ set in a 
sputtering device and an Nr layer 8 (electrically conductive layer) is deposited and adhered on 
the surface. The electroconductive treatment in this manner ends. Then, Ni electroplating is 
perfomied by passing an electric current therethrough and a predetermined Sickness of an Ni 
plated layer 8 is obtained in operation (7). Then, this Ni plated layer 8 is peeled from the 
second molding die 6a, and a third molding die 8a is obtained in operation (8). 

[00183] A protective coating (as an example, rommercial name "CleanCoat S" by Fine 
Chemical Japan Co,) is coated on the rough surface of the third molding die 8a by a spin 
coating method. After coating, the coating film dries natural^. The rough surface is thereby 
covered with a protective coating. After polishing the back surface of the third molding die Sa, 
dieing-out its internal diameter and external diameter, the third molding die 8a comes off. In this 
manner, a donut-shaped third molding die 8a is completed. This third molding die is used as a 
stamper for manufacturing the actual disks. 

[00184] Furthemiore, using a manufacturing method of this kind. It is possible to manufacture 
an optical recording medium where the track pitch and linear speed vary in the program region, 
as described hereinbelow. 
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[00185] As abovementioned, in tfie case of an optical recording medium with the track pitch 
narrowed in the program region, the amount of eccentricity had to be 30 pm or less, but the 
present inventors found that in order to satisfy this amount of eccentricity, the amount of 
eccentricity of this stamper had to be 10 \im or less. Accordingly, an eccentricity amount of 10 
pm or less is preferable. 

[00186] By setting the track pitch of the program region between 1 .2 pm and 1 .3 pm, and the 
linear speed of the program region to between 1 .0 and 1 .1 3 pm, it is possible to read data 
recorded on Ifie program region with a playback device after writing to the program region with a 
recording device, based on compact disk standards, resulting In a higher recording capacity 
than with a prior art compact disk. In particular, by applying these ranges to an 8-cm CD-R and 
CD-RW, the usefulness of a CD-R/RW Is greatly increased. 

[00187] Incidentally, in a recording and playback device having a track pitch less than 1 .2 pm, 
wavelength A = 780 nm, and a numerical aperture NA = 0.45, if the track pitch Is 1 .1 pm or 
more, the peak-to-peak value (push-pull signal) obtained when passing across a track, in 
comparison with the signal obtained from a reflecting signal with no groove, can obtain a 
sufficient degree of tracking. Furthemiore, a track pitch of 1.15 pm or more is preferred. 

[00188] Accordingly, if the track pitch is 1,1 pm or more (preferably, 115 pm or more), because 
tracking Is possible, tentatively recording and playback becomes possible. Nevertheless, as 
described hereinabove, the productivity of compact disks including CD^^ or CD-RW Is reduced. 
Consequently, the commercial value of low cost CD-R or CD-RW decreases. Accordingly, to 
obtain the same productivity as with the prior art CD-R or CD-RW, and also to attain high 
density recording, it was found that a track pitch of 1 .2 prri or more is preferable. 

[00189] Moreover, according to the prefen-ed embodiments of the present invention, the track 
pitch is preferably made less than 1.3 pm. The reason for this Is also described in conjunction 
with the first embodiment of the invention. Thereby, tracking is possible even in using the 
present small 3 beam method. 

[00190] Moreover, a linear speed of 1.0 m/s or more is preferable. In a track pitch of less than 
1.0 pm, with a recording and playback device having an optical detector of wavelength A = 780 
nm. and a numerical aperture NA = 0.45. if the track pitch is 0.90 pm or more, the minimum 
mark does not become smaller than the resolution of the optical detector. 
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[00191] Accordingly, it is possible to read out a minimum mark with a prior art playback device, 
but in the present invention, tt^e minimum linear speed was found, accepting the range of 0.3- 
0,6 for 13 or 11 1 , such that jitter becomes 35 ns or less and the average value of the block error 
rate is less than 50 per second. Thereby, playback was found to be possible with 3 linear speed 
of 1 .0 m/s. This is because, when the linear speed is too low, the linear speed becomes lower 
than the lower limit value of the rotation speed of a motor capable of stable rotation in recording 
or playback, particulariy outside of the program region. 

[001 92] Accordingly, in a CD-R/RW having 8 cm diameter. If the linear speed is 1 .0 m/s, it is 
considered that, because the rotation speed of the motor can rotate stably at a rotation speed 
outside of the program region, it is tolerable that jitter and the like properties do not decrease, 

[001 93J Next, it is preferable to make the upper limit value of the linear speed 1,13 m/s or less. 
Thereby, it is possible for the recording time of an 8<m diameter CD-R/RW to be 30 minutes or 
more. Incidentally, the recording format of CD digital audio is "sampling frequency 44,1 kHz, 
quantization number 16 bits, 2 channels (right and left)". Moreover, the CD-ROM format, 
namely in the case of recording in the ISO 9660 Mode-1 format, has more than a 265 MB 
storage capacity. 

[00194] Further, in the consumer application of CD-R/RW data recording with a data quantity of 
80 minutes (700 MB) of a CD-R disk, the disk is only half utilized. The reason is that tiie 
software heretofore has had no need for a large capacity because handling a large capacity is 
not necessary for notebooks, personal computers or mobile phones and the like portable data 
terminals. On the contrary, having a large capacity is Inconvenient 

100196] Consequently, using a standardized S-cm size CD, which is smaller fiian the widely 
used CD-R/RW, to obtain a necessary sufficient capacity in smaller media, it was found that a 
CD-R/RW with upwards of 265 MB of storage capacity attained the objectives of the present 
invention without introducing actual hindrances, 

[001 96] The use of CD-R/RW optical recording media to store images or music data by 
consumers is popular Generally, in the case of the digital audio which is now becoming 
widespread, one hour of recording Is possible. The recording capacity at present in use is 300 
MB. Moreover, the capacity necessary to store 1 hour of moving images with MPEG 4 is 300 
MB, Consequently, with an 8-cm CD-R/RW, which is a small medium, by setting the track pitch 
and linear speed as above, the disk can have about the same recording capacity. Accordingly, it 
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is also possible to use an 8-cm CD-R/RW as a recording medium for digital video. 

[00197] Then, because it is possible to playback tills medium with the widely diffused recording 
and playback devices liaving an Installed optical detector for wavelength A = 780 nm, numerical 
aperture MA = 0.45, its use value increases. Furthermore, to obtain a recording capadty 
equivalent to a digital videotape, it is necessary to be able to store 300 MB. However, this 
equals 34 minutes of capacity for the abovementloned CD digital audio format. Accordingly. 34 
minutes or more of capacity is preferable. However, because recording and playback become 
difficult with a track pitch or linear speed needed to provide more than 40 minutes of capadty on 
an 8-cm CD-R/RW, the capacity is preferably set to 40 minutes or less. 

[00198] In this manner, it is possible by prefen-ed embodiments of the present invention to 
obtain an 8-cm CD-R/RW having a recording capacity equivalent to a digital videotape while 
being more compact than the widely diffused 12-cm CD-R/RW. 

[00199] Namely, with an optical recording medium having an 80 mm diameter, when the track 
pitch and linear speed are set so that the recording time is between 30 minutes and 40 minutes, 
the push-pull signal and the playback signal of the formed pits are obtained having a margin 
equal to mat of a prior art recording device and playback device having a pickup for a 
wavelengtti of 780 nm and a numerical aperture of 0.45. 

[00200] Recording and playback are possible even with an optical recorJing medium having a 
longer recording time than indicated above, but in comparison with an optical recording medium 
having a recording time greater than this range, a good quality signal is obtained. 

[00201] Furthermore, the characterizing features of theabove-described inventions are not 
limited to only CD-R and CD-RW; they are also applicable to optical data recording media 
formed by only a lead-in region, a program region, and a lead-out region. Consequently, to 
increase in data capacily, the track pitch or linear speed of the program region is made slow, or 
the track pitch or linear speed of the lead-out region is made slow, providing for an increase of 
recording capacity in read-only media. 

[00202] Furthennofe, regarding recordable optical data recording media. In addition to 
making the program region or the lead-out region larger than the PCA region, PMA region and 
lead-in region, an Invention is also disclosed which is necessary in OKler to attain stable and 
reliable recording to an optical data recording medium. 
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[00203] For example, an optical data recording medium has the track pitch or linear 
speed of the PCA regron made greater than those of other regions, or an optical data recording 
medium has the track pitch or linear speed of the PMA region made greater than those of other 
regions. Furthermore, it is inventive to make botti the PCA region and the PMA region larger 
than the other regions. 

[00204] By means of these inventions, setting the track pitch or linear speed in the PCA 
region to the same value as in the prior art CD-R, and making the track pitch or linear speed 
small of regions other frian this, an increase of the recording capacity and a calibration of the 
laser intensity when writing are performed, in particular, by increasing the track pitch or linear 
speed of the PCA region, the size of the marks formed in the PCA region also becomes large. 
Accordingly, an evaluation becomes easy of marks sufficiently formed even with a prior art 
optical pickup, A suitable laser power can also be selected if marks are accurately evaluated 
from this. Therefore, the quality of marks formed in the program region and the like other 
regions is increased. 

[00205] Moreover, as previously described regarding the track pitch or linear speed of the 
PMA region, by making these larger than in the other regions, data written in the PMA region 
can also be accurately read out. Consequently, because writing to the optical data recording 
medium becomes possible based on the data of the accurately written PMA region, addition 
becomes possible more stably to the accurate optical data recording medium. 

[00206] Moreover, even if the standard of ttie present compact disks or DVDs is to some 
degree unreliable, the advent can be expected of recording and playback devices capable of 
. sufficiently recording and playing back. With respect to such devices, making the track pitch or 
the linear speed of at least the PCA region or the PMA region large, optical data recording 
media can be obtained which can stably perform recording and playback in a reliable state. 

[00207] Next, examples relating to prefered embodiments of the present invention are shown 
hereinbelow. In the following examples, there are no particular disclosures with regard to the 
PCA region and PMA region, but the optical disk and stamper of the examples are respectively 
fonned so as to come within the standard. Furthermore, because the interval existing from the 
groove start to the PCA region start can also be used as an optical disk, the PCA region start 
region and the like are not particularly specified herein. 

[00208] Example 1 
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The optical disk recorded with a groove record was manufactured according to a 
preferred embodiment of the present invention. The size of the optical disk is 80 mm* First, the 
stamper of tiie present Invention was prepared. It is important to note that during the process of 
reconding grooves in the photoresist original disk, the ATIP referenced in a CD-R and CD-RW 
format was recorded by groove wobbiing (meandering groove). Since the process is the same 
for the following examples 2 through 13, and because only the conditions differ as described 
hereinbelow. a description of the above process will not be repeated for each example. 

100209] The following conditions were set: groove start and ATJP start radius at 21 mm, grove 
end and ATIP end radius at 39 mm, lead-in region start time at 97:27:00, program region start 
time at 00:00:00, lead-out region start time (last possible start time of readout area) at 26:30:00, 
linear speed (single speed) at 1 .2 m/s with the track pitch from groove start position to lead-in 
start position of 1,52 pm, linear speed (single speed) at 1 .2 m/$ with the track pitch of lead-in 
region at 1 .52 pm, linear speed (single speed) at 1.2 m/s with the track pitch of the program 
region at 1,34 pm, and linear speed (single speed) at 1.2 m/s with the track pitch of tiie lead-out 
region at 1,34 jjm. 

[00210] After development of the original disk exposed under these conditions, the following 
process sequence was performed: an electrically conductive Ni film was sputtered, nickel 
I electroplating was performed, the nickel plating was peeled from the original disk, the 

photoresist was removed, the surface protective film coating was washed, the back surface was 
polished, back surface protective film coating was applied, inner and outer diameter dieing-out, 
the protective film was peeled off both surfaces, and the surfaces were washed. Setting this 
stamper in an injection molding device (SD40 alpha, made by Sumitomo Heavy Machine 
Industry) and performing injection molding, mass producitig polycarbonate substrate, long 
playing CD-R according to the present invention were manufactured on a CD-R production line 
(Shingyuras Co.). 

[00211] Colorant phthalqcyanine dye (Super Green, Cfba Speciality Chemicals Co.), solvent 
DBE, protective coat lacquer UV setting type coat material (DSM Co,), coating on this, printing 
Empire Ink Co. Data was recorded on this long playing CD-R by a 1-12 fold speed CD-R writer 
(Plextor Co.), and assessment of recording and playbadc was performed by a CD-R standard 
inspection device (CD-CATS, Audio Development Co.), The results of this were: lead-in region 
radius at 22.g5 mm, within spedfication and with no problems; program region radius at 24.9 
mm, within specification and with no problems. 
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[00212] This CD-R had a time 3 minutes longer than the prior art limiting time of 23 minutes, 
that is, it can record 26 minutes (230 MB) of long playing high capacity record data, but the jitter 
of this recording disk was low. 20 ns for both land jitter and pit jitter, and pit deviation and land 
deviation were also within specification. 13 and 111 were also both within specification* 
Reflectivity was also 71% and within specification. A low BLER was obtained and the push-pull 
signaf also had no problems, In addition, tracking was good. These properties were maintained 
from 1-fold speed to 12-fold speed writing. Furthermore, there were no faults in 16-fold speed 
writing or 20-fold writing by a Pulse Deck DDU1000, and it was confirmed that the properties 
were maintained, 

[002131 In a recording and playback device performing tracking by the 1-beam method, there 
were no faults, but they were numerous in a recording and playback device performing tracking 
by the 3-beam method and tracking became unstable. Furthermore, ttie optimum laser power 
when reading was 6.5 mW at this time. Furthermore, the groove bottom width was 550 nm, 

[00214] Example 2 

An optical disk according to a preferred embodiment of the present invention was 
manufactured in this example. The size of the optical disk was 80 mm. The groove start and 
ATIP start radius was 21 mm, the groove end and ATIP end position was 39 mm, the lead-in 
fl region start time was 97:27:00, the program region start time was 00:00:00. the lead-out region 
Q start time (last push-pull start time of readout area) was 30:30:00, the linear speed (single 

speed) was 1 .2 m/s with the track pitch from the groove start position to the lead-in start position 
being 1 .52 |Jm, the linear speed (single speed) was 1 .2 nn/s with the track pitch of the lead-in 
region at 1 .52 pm. the linear speed (single speed) was 1 .2 m/s with the track pitch of the 
program region being 1 ,17 pm, and the linear speed (single speed) was 1 .2 m/s with the track 
pitch of the lead-out region being 1,17 pm. 

[00215] After this, by the same process as described in connection with example 1, a long 
playing CD-R was manufactured. Data was recorded on this long playing CD-R by a 1-12 fold 
speed CD-R writer (Plextor Co.), and assessment of recording and playback was performed by 
a CD-R standard inspection device (CD-CATS, Audio Development Co,). 

[0021 ej This CD-R had a time 7 minutes longer than the prior art limiting time of 23 minutes, 
that is, the CD-R can record 30 minutes (230 MB) of long playing high capacity record data. 
The results obtained were the same as in example 1. TTiese properties were maintained from 
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1*fold speed to 12-fold speed writing. Furthermore, there were no faults in 16-fold speed writing 
or 20-fold writing by a Pulse Deck DDU1000. Further it was confimied that the properties were 
maintained. 

[00217] In particular, the peak-to-peak value of the signal obtained when an optical detector of 
wavelength 780 nm and a numerical aperture of 0.45, passed across a track of any nature 
compared with the magnitude of a signal obtained from a mirror surface portion, was 0.5. 
Thereby, a suffidently large tracking signal was obtained. Accordingly, an optical disk was 
obtained which had a slightly worse but usable performance with a standard reconding and 
playback device. Furthermore, the optimum laser power when writing at this time was 5.4 mW. 
The groove bottom width was 390 nm and the productivity of injection molding of the plastic 
substrate was inferior to tiiat of example 1 . 

[00218] Example 3 

An optical disk according to a prefen^d embodiment of the present Invention was 
manufactured in this example. The size of the optical disk was 80 mm. The groove start and 
ATIP start radius was 21 mm, the groove end and ATIP end position was 39 mm, the leadnn 
region start time was 97:27:00. the pnagram region start time was 00:00:00, the lead-out region 
start time (last push-pull start time of readout area) was 30:00:00, the linear speed (single 
speed) was 1 .2 m/s with the track pitch from the groove start position to the lead-in start position 
being 1.52 \im. the linear speed (single speed) was 1.2 m/s with the track pitch of the lead-in 
region being 1.52 (Jm, the linear speed (single speed) was 0.92 m/s with the track pitch of the 
program region being 1.52 m, and the linear speed (single speed) was 0.92 m/s with the track 
pitch of the lead-out region being 1 .52 pm. 

[00219] After this, a long playing CD-R according to the present invention was manufactured 
by the same process as described in example 1. 

[00220] Data was recorded on this long playing CD-R by a 1-12 fold speed CD-R writer 
(Plextor Co.), and assessment of recording and playback was performed by a CD-R standard 
inspection device (CD-CATS. Audio Development Co.). 

[00221] This CD-R had a time 7 minutes longer than the prior art limiting time of 23 minutes, 
that is. the CD-R can record 30 minutes (230 MB) of long playing high capacity recorxJ data, but 
as experimental results, in comparison with those stated for example 1 , jitter due to the 
playback machine type, and the 13. 11 1 block error rate were lower. These properties were 
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maintained from 1-fold speed to 12-fold speed writing. Furthermore, there were no faults in 16- 
fold speed writing or 20*fold writing by a Pulse Deck DDU 1 000. It was confirmed that the 
properties were maintained as well. The optimum laser power when writing at this time was 6,5 
mW and the groove bottom width was 550 nm, 

[00222] E xample 4 

An optical disk according to a preferred embodiment of the present invention was 
manufactured in this example. The size of the optical disk was 80 mm. The groove start and 
ATIP start radius was 21 mm, the groove end and ATIP end position was 39 mm, the lead-in 
region start time was 97:27:00, the program region start time was 00:00:00, ttie lead-out region 
start time (last push-pull start time of readout area) was 40:00:00, the linear speed (single 
speed) was 12 m/s with the trade pitch from the groove start position to the lead-in start position 
being 1 .52 ym. the linear speed (single speed) was 1.2 m/s with the track pitch of the lead-in 
region being 1 .52 the linear speed (single speed) was 0,95 m/s with the track pitch of the 
program region being 110 pm, and the linear speed (single speed) was 0.95 m/s with the track 
pitch of the lead-out region being 110 pm. 

[00223] After this, a long playing CD-R according to the present invention was manufactured 
by the same process as in example 1 

[00224] Data was recorded on this long playing CD-R by a 1-12 fold speed CD-R writer 
;fl (Plextor Co.), and assessment of recording and playback was performed by a CD-R standard 
inspection device (CD-CATS, Audio Development Co.). This CD-R had a time 17 minutes 
longer than the prior art limiting time of 23 minutes, that is, the CD-R can record 40 minutes 
I (230 MB) of long playing high capacity record data. However, jitter and the 13, 111 block error 
rate were inferior to those of example 1 , 

[00225] Neverthefess, in the case of 16-^fold writing and 20-fold speed writing by a Pulse Deck 
DDU1000, it was found that errors arose during reading in about 5% of the whole disk. 
Furthermore, for the optical disk in this example, the productivity of injection molding the plastic 
substrate was inferior to that of example 1 . Furthermore, the optimum laser power when writing 
at this time was 4.9 mW and the groove bottom width was 300 nm. 

[00226] Example 5 

An optical disk according to a preferred embodiment of the present invention was 
manufactured In this example. The size of the optical disk was 80 mm. The groove start and 
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ATIP start radius was 21 mm, the groove end and ATIP end posWon was 39 mm, ftie lead-in 
region start time was 97:27:00, the program region start fme was 00:00:00, the lead-cut region 
start time (last push-pull start time of readout area) was 30:00:00, the linear speed (single 
speed) was 1 .2 m/s with the track pitch from the groove start position to the lead-in start positon 
being 1 .52 pm, the linear speed (single speed) was 1 .2 m^s with the track pitch of the lead-in 
region being 1 .52 ym, the linear speed (single speed) was 1 .2 m/s with the tra<A pitch of the 
program region being 1 .34 pm, and the linear speed (single speed) was 1 .0 rh/s, witti the track 
pitch of the lead-out region being 0.74 pm, 

[00227] After this, a long playing CD-R according to the present invention was manufactured 
by the same process as in example 1. Data was recorded on this long playing CD-R by a 1-12 
fold speed CD-R writer (Plextor Co.), and assessment of recording and playback was performed 
by a CD-R standard Inspection device (CD-C^TS, Audio Development Co.). 

[002281 This CD-R had the same recording capacity as that of example 1 , and the 
experimental results were also the same as given for example 1. These properties were 
maintained from 1-fold speed to 12-fald speed writing. Furthennore, there were no faults in 16- 
fold speed writing and 20-fold writing by a Pulse Deck DDU1000, and it was confirmed that the 
properties were maintained. 

[00229] Furthermore, in a playback machine a three-spot tracking method, effects of adjacent 
tracks were received and tracking was Imperfect, Furthermore, the optimum laser power when 
writing at this time was 6.5 mW and the groove bottom width was 600 nm. 

[00230] Example 6 

An optical disk according to a preferred embodiment of the present Invention was 
manufectured In this example. The size of the optical disk was a card lype. Firstly, a stamper 
was prepared according to the present Invention. In the process of recording grooves In the 
photoresist original disk, the ATIP, which was referenced in a CD-R and CD-RW format, was 
recorded by groove wobbling (meandering groove). The process is the same for the following 
example 1 , and because only the condltons differ hereinbelow, a description of the above 
process is omitted In the description of example. 

[00231] The groove start and ATIP start radius was 21 mm, the groove end and ATIP end 
position was 39 mm, the lead-in region start time was 97:27:00, the program region start time 
was 00:00:00, the lead-out region start time (last push-pull start time of readout area) was 
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7:30:00, the linear speed (single speed) was 1 .2 m/s with the track pitch from the groove start 
position to the lead-in start position being 1.52 pm, the linear speed (single speed) was 1.2 m/s 
with the track pitch of the lead-in region being 1 .52 jjm, the linear speed (single speed) was 1 2 
m/s with the track pitch of the program region being 1.17 ym, linear speed (single speed) was 
12 m/s with the track pitch of the iead-out region being 117 ijm* 

[00232] After this, a long playing CD-R according to the present invention was manufactured 
by the same process as in example 1. 

100233] Data was recorded on this long playing CD-R by a 1-12 fold speed CD-R writer 
(Plextor Co.), and assessment of recording and playback was performed by a CD-R standard 
inspection device (CD-CATS, Audio Development Co.)- This CD-R had. In comparison with the 
prior art limiting time of 5 minutes, a time about twice as long, that is, the CD-R can record 7 
minutes (65 MB) of long playing high capacity record data, but as experimental results, 
completely the same performance was obtained as given for example 1, 

[00234] These properties were maintained from 1-fold speed to 12-fold speed writing. 
Furthermore, there were no faults in ie-fold speed writing and 20-fold writing by a Pulse Deck 
DDU1000. The optimum laser power when writing at this time was 5.4 mW and the groove 
bottom width was 390 nm. 

J [00235] Example 7 

An optical disk according to a preferred embodiment of the present invention was 
manufactured in this example. The size of the optical disk was a card type. The groove start 
and ATIP start radius was 21 mm, the groove end and ATIP end position was 39 mm, the lead- 
in region start time was 97:27:00, the program region start time was 00:00:00, the lead-out 
region start time {last push-pull start time of readout area) was 1 0:05:00, the linear speed 
(single speed) was 1 ,2 m/s with the track pitch from the groove start position to the lead-in start 
position being 152 pm, the linear speed (single speed) was 12 m/s with the track pitdi of the 
lead-in region being 1 .52 pm, the linear speed (single speed) was 0.95 m/s with the track pitch 
of the program region being 110 )jm, and the linear speed (single speed) was 0.95 m/s with the 
track pitch of Bie lead-out region being 110 pm. 

[00236J After this, a long playing CD-R according to the present invention was manufactured 
by the same process as in example 1 Data was recorded on this long playing CD-R by a 1-12 
fold speed CD-R writer (Plextor Co.), and assessment of recording and playback was performed 
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by a CD'R standard inspection device (CD-CATS, Audio Development Co.). This CD-R had, in 
comparison with the prior art limiting time of 5 minutes, a time about twice as long, that is, the 
CD-R can record 10 minutes (100 MB) of long playing high capacity record data. 

[00237] As experimental results, jitter and the 13, 11 1 block en^or rate were found to be inferior 
to those of example 1 . Moreover, there was a reduction of productivity of the plastic substrate 
injection molding. Then, in the case of 16-fold writing and 20-fold speed writing by a Pulse Deck 
DDL) 1 000, it was found that errors arose during reading in about 5% of tfie whole disic, 
Furthenmore, the optimum laser power when writing at this time was 4.9 mW and the groove 
bottom width was 300 nm, 

[00238] Example 8 

An optical disk according to a preferred embodiment of the present invention was 
manufactured in this example. The size of the optical disk was 80 mm. The groove start and 
ATIP start radius was 21 mm, the groove end and ATIP end position was 39,1 mm, the lead-in 
region start time was 97:18:00, the program region start time was 00:00:00, the lead-out region 
start time was 34:02:00, the linear speed (single speed) was 1.11 m/s with the track pitch from 
the groove start position to the leadnn start position being 1,50 pm, the linear speed (single 
speed) was 1 .11 m/s with the track pitch of the leadnn region being 1 .50 ym, the linear speed 
(single speed) was 1,11 m/s with the track pitch of the program region being 1.23 ym, and the 
linear speed (single speed) was 1 .23 m/s with the track pitch of the lead-out region being 1 .23 
pm. 

[00239] After this, a long playing CD-R according to a preferred embodiment of the present 
. invention was manufactured by the same process as in e)(ample 1 . Data was recorded on this 
long playing CD-R by a 1-12 fold speed CD-R writer (Plextor Co,), and assessment of recording 
and playback was performed by means of a CD-R standard inspection device (CD-CATS, Audio 
Development Co,). 

[00240] The process resulted in a lead-in region radius of 22.97 mm. which was within 
specification^ and no problems were experienced. The program region radius was 24,81 mm, 
which was within specification, and no problems were detected. Moreover^ this CD-R had a 
time 1 1 minutes longer than the prior art limiting time of 23 minutes, that is, the CD-R can record 
34 minutes (298 MB) of long playing high capacity record data, but the jitter of this recording 
disk was low, for example, 20 ns for both land jitter and pit jitter 
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[00241] Moreover, pit deviation and land deviation were also within specification. Further, 13 
and I1 1 were botJi within specification and reflectivity was 71%, also within specification. 
Furthermore, a low BLER was obtained, the push-pull signal also experienced no problems, and 
tracking was good. These properties were maintained from 1-fold speed to 12''fold speed 
writing. Furthermore, there were no faults in 16-fold speed writing and 20-foid speed writing by 
a Pulse Deck DDU1000, and it was confirmed that the properties were maintained. The 
optimum laser power when reading was 5.9 mW and the groove bottom width was 500 nm. 

[00242] Example 9 

An optical disk according to a preferred embodiment of the present invention was 
manufactured in Ms example. The size of tfie optical disk was 80 mm. The groove start and 
ATIP start radius was 21 mm, the groove end and ATIP end position was 39-1 mm, the lead-in 
region start time was 97:27:00, the program region start time was 00:00:00, the lead-out region 
start time was 34:07:00, the linear speed (single speed) was 1.16 m/s with the track pitch from 
the groove start position to the lead-in start position being 1.50 |jm, the linear speed (single 
speed) was 1,16 m/s with the track pitch of the lead-in region being 1.50 jjm, linear speed 
(single speed) was 1 .16 m/s with the track pitch of the program region being 1 .1 8 pm, and the 
linear speed (single speed) was 116 m/s with the track pitch of the fead-out region being 1.18 
pm, 

[00243] After this, a long playing CD-R according to a preferred embodiment of the present 
invention was manufactured by the same process as in example 1, Data was recorded on this 
long playing CD-R by a 1-12 fold speed CD-R writer (Plextor Co.), and assessment of recording 
and playback was performed by a CD-R standard inspection device (CD-CATS, Audio 
Development Co.). The results of this were that the lead-in region radius was 22.99 mm, which 
was within specification, and no problems were detected. The program region radius was 24.84 
mm, which was wiUiin specification and no problems were detected. 

[00244] Moreover, although this CD-R had a time 1 1 minutes longer than the prior art limiting 
time of 23 minutes, that is, the CD-R could record 34 minutes (298 MB) of long playing high 
capacity record data, jitter was low, for example, 18 ns for both land jitter and pit jitter. 
Moreover, pit deviation and land deviation were also within specification and 13 and HI were 
also both within specification. Reflectivity was 72%, which was within specification. 
Furthermore, a low BLER was obtained, and no problems were detected with the push-pull 
signal and tracking was good. These properties were maintained from 1-fold speed to 12-fold 
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speed writing. Furthermore, there were no faults in 16-fold speed writing or 20-fold writing by a 
Pulse Decic DDUIOOO, and it was confirmed that the properties were maintained. 

[00245] However, in comparison with example 1 , there was a reduction of productrvity of the 
plastic substrate injection molding. Furthermore, the optimum laser power when reading was 
4.9 mW. The groove bottom width was 390 nm, 

100246] Example 10 

An optical disk according to a preferred embodiment of the present invention was 
manufactured In this example. The size of the optical disk was 80 mm. The groove start and 
ATIP start radius was 21 mm, the groove end ATIP end position was 39.2 mm, the lead-in 
region start time was 97:18:16, the program region start time was 00:00:00, the lead-out region 
start time was 34:02:00, the linear speed (single speed) was 113 m/s with the track pitch from 
the groove start position to frie lead-in start position being 1.35 pm, the linear speed (single 
speed) was 1 .1 3 m/s with the track pitch of the lead-in region being 1 ,35 pm, the linear speed 
was (single speed) was 1.1 3 m/s with the track pitch of the program region being 1 .25 um, and 
the linear speed (single speed) was 113 m/s with the track pitch of the lead-out region being 
1.25 jjm. 

[00247] After this, a long playing CD-R according to a preferred embodiment of the present 
Invention was manufactured by the same process as in example 1 . Date was recorded on this 
long playing CD-R by a 1-12 fold speed CD-R writer (Plextor Co.), and assessment of recording 
2 and playback was performed by a CD-R standard inspection device (CD-CATS, Audio 

Development Co,). The result was ttiat the lead-in region start radius was within specification 
^ and within the tolerance range. - 

[00248] Moreover, although this CD-R had a time 1 1 minutes longer time than the prior art 
limiting time of 23 minutes, that is, the CD-R can record 34 minutes (298 MB) of long playing 
high capacity record data, jitter was low, for example, 1 8 n$ for both land jitter and pit jitter. 
Moreover, pit deviation and land deviation were both within specification, and in addition, 13 and 
111 were both within specification. Reflectivity was 72%, which was within specification. 
Furthermore, a low BLER was obtained, the push-pull signal experienced no problems, and 
tracking was good. These properties were maintained from 1-fold speed to 12-fold speed 
writing. Furthermore, there were no faults in 16-fold speed writing or 20-fold writing by a Pulse 
Deck DDU1000. It was confimned that the properties were maintained in this example. 
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[00249] Furthermore, in a playback device with a three-spot tracking method, tracldng was 
insufficient. However, in a playbacl< device with one beam, tracicing was accurately performed. 
Because the start position of the program region or the lead-in region was displaced from the 
standard, utilization of a number of kinds of machines was impossible. However, it was possible 
to use the CD-R in a large number of playback machines. This is considered to be because of a 
displacement of the start position of the program region or the lead-in region with respect to flie 
standani. However, the difference was not great 

[00250] Furthemriore, the optimum laser power when reading was 6.5 mW and the groove 
bottom width was 390 nm. 

[00251] Example 11 

An optical disk according to a preferred embodiment of tiie present invention was 
manufactured in this example. The size of the optical disk was 80 mm. The groove start and 
ATIP start radius was 21 mm, the groove end ATIP end position was 39.2 mm, the lead-in 
region start time was 97:18:15, the program region start time was 00:00:00, the lead-out region 
start time was 34:02:00, the linear speed (single speed) was 1 .11 m/s with the trade pitch from 
the groove start position to the lead-in stert position being 1 .52 \im, the linear speed (single 
speed) was 1 .1 1 m/s vwth the track pitdi of the lead-in region being 1 .52 pm, the linear speed 
(single speed) was 1 .11 m/s with the track pitch of the program region being 1.24 pm, and the 
linear speed (single speed) was 0.9 m/s with the track pitch of the lead-out region being 1,2 jjm. 

[00252] After this, a long playing CD-R according to a prefered embodiment of the present 
Invention was manufactured by the same process as in example 1 . Data was recoreled on this 
long playing CD-R by a 1-12 fold speed CD-R writer (Plextor Co.), and assessment of recording 
and playback was performed by a CD-R standard inspection device (CD-CATS, Audio 
Development Co.). The result was that the lead-in region start radius was within specification 
and no problems occurred. The program region start radius was also within specification and 
no problems occurred, 

[00253] IVIoreover, although this CD-R had a time 11 minutes longer than the prior art limiting 
time of 23 minutes, that is, the CD-R can record 34 minutes (298 MB) of long playing high 
capacity record data. Jitter was low. for example, 18 ns for both land jitter and pit jitter. 
Moreover, pit deviation and land deviation were both within specification, and in addition, 13 and 
11 1 were both wittiin specification. Reflectivity was 72%, which was within specification. 
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100254] Furthermore, a low BLER was obtained, no problems were detected with the push-pull 
signal, and tracking was good. These properties were maintained from 1-foId speed to 12-fofd 
speed writing. Furthermore, there were no faults in 16-fold speed writing or 20-fold speed 
writing by a Pulse Deck DDU1000. It was confirmed that the properties were also maintained. 
Furthermore, the optimum laser power when reading was 6.5 mW and the groove bottom width 
was 390 nm. 

100255] Example 12 

An optical disk according to a prefenied embodiment of the present invention was 
manufactured in this example. The size of the optical disk was 80 mm. The groove start and 
ATIP start radius was 21 mm. the groove end ATIP end position was 39.25 mm, the lead-in 
region start time was 97:18:15, the program region start time was 00:00:00. the lead-out region 
start time was 34:02:00, the linear speed (single speed) 1.11 m/s with the track pitch from the 
groove start position to the lead-in start position being 1.48 pm, the linear speed (single speed) 
was 1 .11 m/s with the track pitch of the lead-in region being 1 .48 pm. the linear speed (single 
speed) 1.11 m/s with the track pitch of program region being 1.24 pm. and the linear speed 
(single speed) was 1 .1 1 m/s with the track pitch of the lead-out regbn being 1 .2 pm. 
[00256] After this, a long playing CD-R according to a prefen-ed embodiment of the present 
Invention was manufactured by the same process as in example 1. Data was recorded on this 
long playing CD-R by a 1 -12 fold speed CD-R writer (Plextor Co.). and assessment of recording 
and playback was performed by a CD-R standard inspection device (CD-CATS. Audio 
Development Co.). The result vras that the lead-in region start radius was within specification 
without any problems, and the program region start radius was within specification without any 
problems. 

[00257] IWoreover. although this CD-R had a time 1 1 minutes longer than the prior art limiting 
time of 23 minutes, that Is, The CD-R can record 34 minutes (298 MB) of long playing high 
capacity record data, jitter was low, for example. 1 8 ns for both land jitter and pit jitter. 
Moreover, pit deviation and land deviation were both within specification, and in addition. 13 and 
11 1 were both within specification. Reflectivily was 72%, also within specification. Furthermore, 
a low BLER was obtained, without any problems with the push-pull signal, and tracking was 
good. These properties were maintained from l-fold speed to 12-fold speed writing. 
Furthemaore. there were no faults in 16-foId speed writing or 20-fold speed writing by a Pulse 
Deck DDUIOOa it was confimied that the properties were maintained and the optimum laser 
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power when reading was 5.9 mW. Furthermore, the groove bottom width was 390 nm. 

[00258] Example 13 

An optical disk according to a preferred embodiment of the present invention was 
manufactured in this example. The size of the optical disk was 80 mm. The groove start and 
ATIP start radius was 21 mm, the groove end ATIP end position was 39.41 mm, the lead-in 
region start time was 97:18:15, the program region start time was 00:00:00, the lead-out region 
start time was 40:02:00, the linear speed (single speed) was 1 m/s witii the track pitch from the 
groove start position to the lead-in start position being 1.3 Mm, the linear speed (single speed) 
was 1 m/s with the track pitch .of the lead-in region being 1 .3 pm, the linear speed (single speed) 
was 1 m/s with the track pitch of the program region being 1.22 jjm, and the linear speed (single 
speed) was 1 m/s with the track pitch of the lead-out region being 1.2 pm. 

[00259] After this, a long playing CD-R according to a preferred embodiment of the present 
invention was manufactured by the same process as in example 1 . Data was recorded on this 
long playing CD-R fay a 1-12 fold speed CD-R writer (Plextor Co.), and assessment of recording 
and playback was perfbmied by a CD-R standard inspection device (CD-CATS. Audio 
Development Co.). The result was that the lead-in region start radius was within specification, 
without any problems, and the program region start radius was within specification, wittiout any 
problems. 

[00260] Moreover, although this CD-R had a time 17 minutes longer than the prior art limiting 
time of 23 minutes, that is, the CD-R can record 40 minutes (350 MB) of long playing high 
capacity record data, jitter was low, for example, 1 8 ns for both land jitter and pit jitter 
Moreover, pit deviation and land deviation were both within spedfication, and in addition, (3 and 
I1 1 were both within spedfication. Reflectivity was 72%, also within spedfication. Furthermore, 
a low BLER was obtained, without any problems with the push-pull signal, and tracking was 
good. These properties were maintained from 1-fold speed to 12-fold speed writing. 
Furthermore, there were no faults in 16-fold speed writing or 20-fold speed writing by a Pulse 
Deck DDL) 1000. It was confinned that the properties were maintained and the optimum laser 
power when reading was 5.4 mW, Furthermore, the groove bottom width was 390 nm. 

[00261] Example 14 

An optical disk according to a prefen-ed embodiment of the present invention was 
manufactured in this example, Inrtfally, a predsion washed glass original disk having a diameter 



47 



JUL-31-2001 18:16 



STfiflS 8. HflLSEY 



202 434 1501 P. 57/73 



Docket No. 862.14S3 



of 200 mm and a thickness of 6mm was prepared. After primer had been coated on its surface, 
a positive type photoresist (S1818, Shipurei Co.) was spin coated and prebaked for 10 minutes 
on a hotplate at 100 "C. A coated original disk having a coating of 160 nm was completed by 
this process. 

[00262] Next, wobbled grooves were fomied by a laser cutting machine in the coated original 
disk. This process is the most important point in the preferred embodiment of the present 
invention. Then according to the fomiat for a CD-R given in the Orange Book, Standard 2. 
Version 3.1 , the lead-in start time was 97:00:00, the lead-out start time (last possible start time 
of lead-out area) was 30:10:00, and the CD-R was disposed in a mastering generator Da3080 
made by Kenwood Co. 

(00263] The exposure start position was at a radius of 22.0 mm, in a region from a radius of 
22.0 mm to 25.0 mm, the track pitch was set at 1.60 pm linear speed was 1.20 m/s, between 
radius of 25.00 and 26.1 0 mm, from the track pitch of only 1 .60 pm, laser cutting in a proportion 
of 0.004 pm per 1 |jm in the radial direction was carried out, while reducing per fixed amount, 
set such that at the time point of radius 25.10 mm, the track pitch becomes 1 .20 pm. 

[00264] The laser cutting ended when the radius of 39.10 mm was reached. 

[00265] Then, using an inorganic alkali developing solution (Developer. Shipurei Co), diluted 
with ultra-pure water at a concentration of 20%. the developed master original disk was 
completed. Next, a treatonent was perfonned to obtain electrical conductivity, by a nickel 
electroplating device made byTechnotron Co., peeling from the glass original disk, and dieing- 
out at an internal diameter of 34.0 mm. and an external diameter of 138.00 mm, a nickel 
stamper was completed. 

[00266] Setting this stamper in an injection molding device (SD40 alpha, made by Sumitomo 
Heavy Iwachine Industry) and performing injection molding, preparing a polycarbonate 
substrate. long playing CD-R according to the present invention were manufactured on a CD-R 
production line (Shingyuras Co.) using the stamper according to the present invention. Dye 
(Super Green. Ciba Co.) was spin coated and a reflective film and a lacquer were coated 
thereon, completing a blank CD-R disk. 

[002671 When this blank disk was recorded on by a Sanyo Electric Machine Co. CD-R drive 
under 12-ibld speed recording conditions, a total of 30 minutes and 10 seconds of recording is 
possible without any errors. 
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[00268] Moreover when the SLD (start lead-in diameter) and SPD (start program diameter) 
were measured on a CD-R standard inspection device (CD-CATS, Audio Development Co.), the 
SLD equaled 45,92 mm and the SPD equaled 49.5 mm, thereby satisfying the Orange Book 
standard. A CD-R disk, satistying the Orange Book Standards, making a long playing sound 
recording possible, could be prepared in this manner, 

[00269] Example 15 

A CD-R according to a preferred embodiment of the present invention was manufactured 
by a method similar to example 14. The lead-in start time was 97:00:00, the lead-out start lime 
(last possible start time of lead-out area) was 30:10:00, and the CD-R was disposed in a 
mastering generator Da3080 made by Kenwood Co, 

[002701 With an exposure start position at a radius of 22,0 mm, setting the track pitch of the 
region from radius 22-0 mm to 24.95 mm to 1 .60 pm and the linear speed to 1 .20 mis, between 
radius 24.95-25,00 mm, from only the track pitch of 1.60 pm, laser cutting, set in a proportion of 
0.004 pm per 1 pm in the radial direction, was carried out, while reducing per fixed amount, 
such that at the time point of radius 25.00 mm, the track pitch becomes 1 .20 pm. 

[00271] Namely, In this embodiment, the track pitch of the end of the lead-in region gradually 
changes in the abovementioned proportion. Then, laser cutting ends on reaching the radius of 
S9.10mm. 

[00272] When this blank disk was recorded on by a Sanyo Electric Co. CD-R drive under 12- 
fold speed recording conditions, a total of 30 minutes and 10 seconds of recording is possible 
without any errors, 

[00273] Moreover, when the SLD (start lead-in diameteV) and SPD (start program diameter) 
were measured on a CD-R standard inspection device (CD-CATS, Audio Development Co.), the 
SLD equaled 45.92 mm and the SPD equaled 49,0 mm, which satisfies the Orange Book 
standard, 

[00274] A CD*R disk having a long playing sound recording time could be prepared in this 
manner to satisfy the Orange Book standards. 

[00275] Example 16 

A CD-R according to a prefen-ed embodiment of the present inventon was manufactured 
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by a method similar to example 14, The lead-in start time was 97:00:00, the lead-out start time 
(last possible start time of lead-out area) was 30:10:00, and the CD-R was disposed in a 
mastering generator Da3080 made by Kenwood Co. 

[00276] With an exposure start position at a raidius of 22.0 mm, setting the track pitch of the 
region from radius 22.0 mm to 25.00 mm at 1.60 pm and the linear speed at 1.20 m/s, between 
radius 24.95-25.00 mm, from only a linear speed of 1 .20 m/s. laser cutting, set such that at the 
time point of radius 25.00 mm the linear speed becomes 1.00 m/s. was performed. Namely, the 
track pitch is maintained as It is at the end of the lead-in region, and laser cutKng ends at the 
time point when the radius reaches 39.10 mm. 

[00277] When this blank disk was recorded by a Sanyo Electric Machine Co, CD-R drive under 
12-fbld speed recording conditions, a total of 30 minutes and 10 seconds of recording is 
possible without any errors. 

[00278] Moreover when the SLD and SPD were measured on a CD-R standard inspection 
device (CD-CATS, Audio Development Co.). the SLD equaled 45.92 mm and the SPD equaled 
49.0 mm, which satisfies the Orange Book standard. A CD-R disk having a long playing sound 
reconding time possible could be prepared in this manner satisfies the Orange Book standards. 

(002791 Example 17 

A CD-R according to a prefen-ed embodiment of the present Invention was manufactured 
by a method similar to example 14. The size of the optical disk was 80 mm. The groove start 
and ATIP start radius was 21 mm, the groove end and ATIP end position was 39 mm, the lead- 
in region start time was 97:27:00, the program region start time was 00:00:00, the lead-out 
region start time (last possible start time of lead-out areaj was 40: 1 0:00. the linear speed was 
1 .2 m/s with the track pitch from the groove start position to the lead-in start position being 1 .52 
Mm, the linear speed was 1 .2 m/s with the track pitch of the lead-in region being 1.52 pm, the 
linear speed was 0.95 m/s with the track pitch of the program region being 1.10 pm, and the 
linear speed was 0.95 m/s with the track pitch of the lead^DUt region being 1.10 pm. 

[00280] From a position of radius 24.5 mm within the lead-in region, the track pitch and linear 
speed were changed in a fixed proportion, so as to become the same as the track pitch and 
linear speed of the program region at the end point of the lead-in region. Data was recorded on 
this long playing CD-R by a 1-1 2 fold speed CD-R writer (Plextor Co.), and assessment of 
recording and playback was performed by a CD-R standard Inspection device (CD-CATS, Audio 
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Development Co.). This CD-R had a time 17 minutes longer than the prior art limiting time of 23 
minutes, that is, the CR-R can record 40 minutes (350 MB) of long playing high capacity record 
data. However, marks fonned in the program region were detected, but jitter and the like 
properties were more or less poor. These properties were maintained from 1-fold speed to 12- 
fold speed writing. Nevertheless, in the case of 16-fold speed writing and of 20-fold speed 
writing by a Pulse Deck 0#tJ1OOO, it was found that errors arose during reading in about 5% of 
the whole disk. 

[00281] Example IB 

A CD-R according to a preferred embodiment of the present Invention was manufactured 
by a method similar to example 14. The size of the optical disk was 80 mm. The groove start 
and ATIP start radius was 21 mm, the groove end and ATIP end position was 39.1 mm, the 
tead-in region start time was 97:27:00, the program region start time was 00:00:00, the lead-out 
region start time was 34:02:00, the linear speed was 1 .1 1 m/s with the track pitqli from the 
groove start position to the lead-in start position being 1.50 pm, the linear speed was 1.11 m/s 
with the track pitch of the lead-in region being 1.50 pm, the linear speed was 1,11 m/s with the 
track pitch of the program region being 1.23 pm. and the linear speed was 1.11 m/s with the 
track pitch of the lead-out region being 1.23 pm. 

[00282] From a position of radius 24,5 mm within the lead-in region, the track pitch was 
changed in a fixed proportion, so as to become the same as the track pitch of the program 
region at the end point of the lead-in region. 

[00283] Data was recorded on this long playing CD-R by a 1-12 fold speed CD-R writer 
(Plextor Co.), and assessment of recording and playback was pertbrmed by a CD-R standard 
inspection device (CD-CATS, Audio Development Co.). The results were that the lead-in start 
radius was 22.97 mm, without any problems and within specification and the program region 
stert radius was 24.81 mm, without any problems and within spedfication. 

[00284] Moreover, this CD-R had a time 1 1 minutes longer than the prior art limiting time of 23 
minutes, that is. the CD-R can record 34 minutes (298 MB) of long playing high capacity record 
data. Nevertheless, jitter was low, for example. 20 ns for both land jitter and pit jitter. Moreover, 
pit deviation and land deviation were both within specification and. In addition, 13 and 111 were 
both within specification. Reflectivity was 71%, also within specification. 

[00285] Furthemiore. a low BLER was obtained, as well as a push-pull signal without any 
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problems, and tracking was good. These properties were maintained from 1-fold speed to 12- 
fold speed writing. Furthermore, there were no faults In 15-fold speed writing or20-$peed 
writing by a Pulse Deci< DDU1000, and it was confirmed that the properties were maintained. 

[002861 Example 19 

A CD-R according to a prefen-ed embodiment of the present invention was manufactured 
by a method similar to example 14. The size of the optical disk was 80 mm. the groove start 
and ATIP start radius was 21 mm, the groove end and ATIP end position was 39.1 mm, ttie 
lead-in region start time was 97:27:00, the program region start time was 00:00:00, the lead-out 
region start time was 34:07:00-, the linear speed was 1,16 m/s with the track pitdi from the 
groove start position to the lead-in start position being 1.50 pm, the linear speed was 1 .16 m/s 
with the track pitch of the lead-in region being 1.50 Mm, the linear speed was 1.16 m/s with the 
track pitch of the program region being 1.18 [jm, and the linear speed was 1.16 m/s with Itie 
track pitch of the lead-out region being 1.18 pm. 

C00287] From a position of radius 24.6 mm within the lead-in region, the track pitch was 
changed in a fixed proportion, so as to become the same as Ihe track pitch of the program 
region at the end point of the lead-in region. 

[00288] Data was recorded on this long playing CD-R by a 1-12 fold speed CD-R writer 
(Plextor Co.), and assessment of recording and playback was performed by a CD-R standard 
inspection device (CD-CATS, Audio Development Co.). The results were that the lead-in start 
radius was 22.99 mm, without any problems and within specification and the program region 
start radius was 24.84 mm, Without any problems and within specification. 

[002891 i\4oreover. this CD-R had a time 1 1 minutes longer than the prior art limiting time of 23 
minutes, that is, the CD-R can record 34 minutes (298 MB) of long playing high capacity record 
data. Nevertheless, jitter was low, for example, 18 ns for both land jitter and pit jitter. Moreover, 
pit deviation and iand deviation were both within specification and, In addition. 13 and 111 were 
both within specification, Reflectivity was 72%, also within specification. Furthennore. a low 
BLER was obtained, as well as a push-pull signal without any problems, and tracking was good. 

[00290] These properties were maintained from 1-fold speed to 12-fold speed writing. 
Furthermore, there were no faults'in 16-fbld speed writing or 20-fold speed writing by a Pulse 
Deck DDU1 000, and it was confirmed that the properties were maintained. Nevertheless, the 
productivity of the plastic substrate was inferior in comparison with that of example 1. 
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[002911 Although preferred embodiments of the present invention have been shown and 
described, it will be appreciated by those sl<iiled in the art that changes may be made in these 
embodiments without departing from the principle and spirit of the invention, the scope of which 
is defined in the appended claims and their equivalents. 
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